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1 INTRODUCTION 
Strawberry (Fragaria × ananassa Duch.) is a notable fruit because it contains essential 
nutrients and phytochemicals which are beneficial for the human body (Giampieri et al., 
2012). Some of its contents include polyphenolic compounds that display antioxidant 
capacity, such as anthocyanins, phenolic acids, and vitamin C. Hence, strawberry is 
considered to be one of the healthiest food in a person’s diet. Antioxidant activity, especially 
when sourced from small colorful fruits, is important as it helps prevent notable health 
problems, such as cardiovascular disease, diabetes, cancer, and obesity (Moreno et al., 2014). 
Aside from its nutritional benefits, other factors such as the degree of ripeness, brightness, 
absence of defect, flavor, size, uniformity, firmness, and price are taken into account when 
a customer buys strawberry in the store. Ripeness is usually judged by the coverage of pink 
or red color. As the strawberry is a non-climacteric fruit, it does not continue to ripen after 
harvest and its sugar content does not increase. Therefore, riper fruits will have higher sugar 
content and better taste. It has been reported that some customers are willing to pay more for 
riper fruits which have a better taste as they generally contain higher soluble solid content 
(SSC) (Mitcham, 1996). 
 
Uneven ripening in strawberry cultivation might occur as a result of high temperatures 
during ripening and is characterized by the uneven coloration of fruits while their surfaces 
remaining smooth (Ouyang et al., 2012). Uneven ripening disorder also occurs in strawberry 
cultivation in Slovenia, but unfortunately, there has been little research on this subject. Aaby 
et al. (2011) claimed that the different stages of ripening affect the bioactive compounds of 
the strawberry fruit, where anthocyanin and cinnamic acid conjugate contents are most 
affected. Thus, this experiment was conducted to study the effect of uneven ripening on the 
fruit characteristics (firmness, color, SSC) and the content of primary metabolites (sugars, 
organic acids, vitamin C) and secondary metabolites (phenolics) of strawberry fruits 
cultivated in Slovenia. 
1.1 OBJECTIVE 
This experiment was aimed to determine the fruit characteristics and metabolite 
compositions of both evenly ripe and unevenly ripe strawberry.  
The first part of the study examined the effect of harvesting time (spring and autumn) on 
fruit characteristics (color parameters, firmness, SSC) and the contents and concentrations 
of primary and secondary metabolites on evenly ripe fruits. The second part of the study 
examined the same parameters on the differently pigmented parts (dark, medium, and white) 
of unevenly ripe fruit. 
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There would be differences in the fruit characteristics (color parameters, firmness, SSC) and 
the contents and concentrations of primary and secondary metabolites between two different 
harvesting times (spring and autumn) on evenly ripe fruits. There would also be differences 
in the same parameters between the differently pigmented parts (dark, medium, and white) 


















Novljan, M. Fruit charcteristics and metabolite composition…strawberry… (Fragaria x ananassa Duch.).  3 
 M.Sc. Thesis. Ljubljana, Univ. of Ljubljana, Biotechnical Facutly, Department of Agronomy, 2020  
 
2 LITERATURE REVIEW 
2.1 STRAWBERRY 
 
The strawberry genus Fragaria belongs to the family Rosaceae and subfamily Rosoidae. 
The origin of cultivated strawberry can be traced to the 1700s, when Antoine Nicholas 
Duchesne published a book titled Natural History of Strawberries in 1766, explaining the 
sex, polyploidy, cultivation, and utilization of several species from the genus Fragaria 
(Liston et al., 2014). 
In the 18th century, the modern cultivated strawberry arose in Europe as a chance cross 
between two American native species, F. virginiana and F. chiloensis (Mercado et al., 2007). 
Nowadays, cultivated strawberry (Fragaria × ananassa Duch.) is an octoploid species 
(2n=18=56) included in the genus Fragaria, which consists of at least 15 native species from 
Asia, Europe, and America (Hancock, 1990). 
Strawberry species were previously found in a variety of climates, including temperate, 
grassland, Mediterranean, and subtropical. Strawberries usually grow in habitats with 
moderate temperatures, high nutrient levels, moderate to high light levels, moderate 
humidity, and low salinity, but some species can be exceptionally adaptable (Hancock, 
1990). Despite its origin and the limited locations of its progenitor, the newly developed 
cultivars can adapt to a vast variety of living conditions. Nowadays, strawberry species are 
grown in many arable regions worldwide (Mercado et al., 2007). 
Its delicious flavor and taste, attractive appearance, and seasonal availability make the 
strawberry fruit an excellent choice to be added into the diet. It is also rich in phytochemical 
compounds that contain high antioxidants, such as flavonoids and ellagic acid derivatives 
that can prevent the risk of cardiovascular disease and tumorigenesis. These properties have 
increased the economic importance of this crop. Furthermore, strawberry nowadays serves 
as an important crop for both research and fruit production throughout the world (Mercado 
et al., 2007). 
2.2 BIOLOGY AND DEVELOPMENT OF STRAWBERRY 
The strawberry is a perennial plant. Almost all parts of plants (leaves, stems, runners, axillary 
crowns, inflorescences) grow from a crown of meristematic tissue or compressed stem 
tissue. The trifoliate leaves sit spirally around the crown, with buds in the leaf axils giving 
rise to the runners. The runners have two nodes that can develop into new plants (Husaini 
and Zaki, 2016). 
Strawberry flower contains many pistils, where each pistil has a style and stigma attached to 
the receptacle. The fruit of strawberry is an 'accessory fruit' in a botanical definition and is 
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not a true berry. After being fertilized (usually by insects), the receptacle develops into a 
fruit with thick flesh. The flesh itself is a greatly enlarged flower receptacle and is embedded 
with many true fruits, achenes, arranged on the outer side of the receptacle tissue. The growth 
and size of the ‘fruits’ depend on the success rate of fertilization and the number of achenes 
formed (Husaini and Zaki, 2016). The anatomy of the strawberry plant is illustrated in Figure 
1 below.  
 
Figure 1: Plant morphology of the strawberry plant (Sharma et al., 2019) 
Slika 1: Morfologija rastline žlahtnega jagodnjaka (Sharma in sod., 2019) 
 
Strawberry plant reproduces sexually from achenes and vegetatively by forming and sending 
out stolons or runners. Sexual reproduction is mostly used in breeding programs, while 
vegetative reproduction is used in commercial production and home gardening. In intensive 
production systems, strawberry plants are usually treated as an annual or at most as a 
biannual crop. The seedlings are planted and managed in several ways, with the purpose to 
produce fruits during the specific harvest time of the following years (Strand, 2008). 
 
Strawberry varieties are classified as June-bearing, everbearing, and day-neutral cultivars 
based on their bearing habit. June-bearing strawberry varieties will produce flowers when 
the day-length is shorter than 12 hours and everbearing varieties will bloom only when 
daylight is available for more than 12 hours. Day-neutral varieties are independent of day-
length but to produce flowers they require the temperature to be in the range of 18 to 24 °C. 
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Choosing the right variety mostly depends on altitude, location, potential yield, market 
preference, and susceptibility of pest and disease (Azam et al., 2019). 
 
Fernandez et al. (2001) studied the growth and development of strawberries planted in the 
annual system on October 1997-June 1998. His research shows that after planting, in the fall, 
the strawberry plant goes into an establishment phase characterized by an active period of 
mostly vegetative organs (root, crown, and leaves). During this phase, plants acclimate to 
their new growing environment and collect photosynthates to survive the winter. After this 
establishment phase, during the two-month winter period, the plants grow at a slower rate. 
Thereafter, in late winter or early spring, the plants transport most of their resources to 
above-ground parts, both the vegetative and reproductive parts. Finally, in spring, most 
resources are directly allocated to or remobilized from other parts to facilitate reproductive 
growth. This pattern of biomass transport persists until summer, though at the end of the 
growing season, the allocation rate of biomass to reproductive parts is lower than in spring. 
 
Strawberry flower buds begin to form within the crowns in the late summer or fall. During 
this period, sufficient amounts of water, light, and nutrients are critical. These flower buds, 
along with the rest of the plant, then go into dormancy as temperatures drop in the winter. In 
spring, when the temperature rises again, the plant is revived and starts to transform their 
flower buds into flowers sitting on stalks (inflorescences). The flowers are then pollinated 
by insects and the fertilization results in a large mass of accessory tissue studded with 
individual seed-containing fruits, which is referred to as ‘accessory fruits’. The fruits begin 
to ripen in four to five weeks after the opening of the first flower, and the rest continue to 
ripen for three weeks or more (Strawberry Plants, 2020). 
 
Fruit size at maturity is influenced by the position of a particular fruit on the inflorescence 
(primary fruit > secondary fruit > tertiary fruit). Relative growth rates in primary and 
secondary fruit are usually similar, and the differences in fruit size are correlated to a longer 
lag period after the pollination of the secondary fruit. Delay in secondary fruit growth is 
physiologically determined and independent of environmental conditions (Schwab and 
Raab, 2004). 
 
Naturally, after the establishment of a new plant, the growth and development of strawberry 
plants will reach its peak two to three years later, after which it proceeds toward senescence 
and death two to three years following its peak. Under ideal conditions, a strawberry plant’s 
life span can be as long as 5-6 years, but after three productive years, they will usually start 
to lose vigor and experience a significant decline in production. Eventually, as age 
progresses, the plant will be weakened by fungi or other pathogens. The death process 
usually begins with the occurrence of spots, defects, and browning of previously healthy 
plant tissues and ends with a brown, withered, decomposing mass (Strawberry Plants, 2020). 
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2.3 RIPENING OF STRAWBERRY AND ITS DISORDER 
 
Ripening is defined by a set of physicochemical changes characteristic of each fruit. These 
processes usually involve transitions in color (caused by the degradation of existing 
pigments and the synthesis of new and more intensely colored pigments), texture changes 
(caused by tissue softening), and the production of highly distinctive flavors and aromas 
which affect the taste of the fruit. Without exception, the ripening of the strawberry is also 
marked by simultaneous changes in color, flavor, and texture (Schwaab and Raab, 2004). 
 
Strawberry is a non-climacteric fruit with a rather short postharvest life. During its 
development, the combination of cell division and cell expansion causes the growth of 
receptacle until the seventh day after petal fall, and thereafter, only cell enlargement occurs. 
After that, the accumulation of water, metabolites, and cell wall synthesis can be observed 
until 21 – 28 days after petal fall. Strawberry fruits may continue to grow after the initiation 
of the ripening process. Fruit enlargement continues until the fruit reaches 25% pigmentation 
or even more, marked with the complete degradation of chlorophylls and the synthesis of 
anthocyanins (Kuchi and Sharavani, 2019). 
 
Nunes et al. (2006), in their experiment, observed the physicochemical modification of four 
maturity stages of the strawberry fruit, both in the field and in storage. They found that 
strawberry firmness decreases during ripening and that the storage period doesn't change the 
firmness of the fruit. The fruit also develops a darker color as it matures. Furthermore, its 
SSC, organic acids, total soluble phenolics (TSP), and total anthocyanin content also rise as 
the ripening progresses. 
Certain physiological and environmental conditions can sometimes disturb the fruit’s normal 
ripening and its color development. The most common disorders in strawberry fruit 
coloration are white/albino fruit, green tip, white shoulder, and fruit bronzing. These 
disorders are mostly seen early in the fruit production season (in the spring). Green tip or 
white shoulder (Figure 2) is the most common outcome of uneven ripening. This condition 
is characterized by ripening failure in certain parts of the affected fruit, usually at the tip 
(bottom) or at the calyx end (shoulder) of the fruit. Unripened tissue at the tip tends to be 
green while the affected shoulder appears pale or white. Otherwise, the fruit’s shape is 
normal and the flavor of the ripe area of fruit is unaffected. The disorder is associated with 
uneven temperatures during ripening (Strand, 2008). 
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Figure 2: Unevenly ripe fruits in the form of the ‘white shoulder’ (left) and ‘green tip’ (right) 
Slika 2: Neenakomerno dozorel plod žlahtnega jagodnjaka z nezrelim delom pri čaši (levo) in neenakomerno 
dozorel plod z nezrelim delom pri dnu, konica je zelena (desno)  
High temperatures during the fruit ripening stage, which affects the enzymes that cause 
normal pigmentation in ripe fruit, is thought to be the main reason for uneven ripening. Fruits 
that are exposed to higher temperatures earlier in their development are usually not as 
susceptible as fruits that didn’t experience temperature shock early on. To susceptible 
varieties, blotches and ‘white shoulders’ can occur on otherwise ripe fruits and so reduce the 
quality of fruit appearance. Although the fruit is ripe and sweet, color does not develop on 
certain parts of the affected fruit (Ontario CropIPM, 2009). 
 
2.4 STRAWBERRY FRUIT CHARACTERISTICS AND QUALITY  
 
Characteristic is defined as a typical or noticeable quality of someone or something 
(Cambridge, 2020). Known characteristics of a strawberry fruit include sweetness, juiciness, 
attractive red color, captivating flavor, and aesthetic values (Sood and Brandal, 2019). The 
International Organization for Standardization (ISO 9000:2000) defines quality as “the 
totality of features and characteristics of a product or service that bear on its ability to satisfy 
stated or implied needs”. Based on both definitions it can be concluded that a fruit’s 
characteristic and quality are two terms that are interrelated and inseparable. The fruit with 
the best quality is the one that can reach and retain its maximum characteristics.  
Other than outer characteristics such as flesh firmness and skin toughness, several other 
factors affect a buyer's acceptance of strawberry fruits, such as fruit size, flavor, nutrients, 
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and color (Hancock et al., 2008). The strawberry fruit’s inner quality is affected by the 
concentration of several chemical compounds, mainly sugars and acids. High sugar content 
and a relatively high acid level produce a strawberry with good flavor. High acids and low 
sugars produce a sour strawberry, while the opposite combination produces a strawberry 
with a bland taste. When both sugar and acid levels are low, the strawberry has a flat taste 
or is tasteless (Sood and Brandal, 2019). The highest rating of palatability, juiciness, SSC, 
and vitamin C contents can be found in fully ripened strawberries (Munbodh and Aumjaud, 
2004), so it is very important to harvest strawberries at the proper stage of ripeness to be able 
to obtain its maximum quality (Sturm et al., 2003). Kafkas et al. (2007), reported that when 
ripe, the total organic acid in 11 strawberry genotypes ranges between 11.90 - 23.47 g/kg 
fresh weight (FW), the total sugar content range between 45.00-69.60 g/kg FW, and total 
soluble solids range between 70.67 – 108.67 g/kg FW. 
A commodity’s appearance is often more important for initial purchase (in addition to price) 
while subsequent purchases may be related to the inner quality. The visual appearance of a 
fruit is the buyer’s first quality determinant, be it in the position of a wholesaler, retailer, or 
consumer. A strawberry fruit’s outer quality is considered good when it is red and has a 
glossy surface, is uniform in shape and size, and has no defects (Mitcham et al., 1996). Kim 
et al. (2013) indicated that when fully ripe, the strawberry fruit’s color reaches maximum 
redness in all varieties observed while the firmness of the fruit dropped significantly (up to 
11 times lower) compared to the green fruits, with the final value around 0.6 N.  
2.5 PRIMARY AND SECONDARY METABOLITES OF STRAWBERRIES 
 
Plants produce a wide range of organic compounds, known as secondary metabolites, that 
have no direct function in the growth and development of the plant. Secondary metabolites 
have no direct roles in the processes of respiration, photosynthesis, transport of solutes, 
assimilation of nutrients, translocation, differentiation, and the formation of primary 
metabolites (carbohydrates, proteins, nucleic acids, and lipids). However, these secondary 
metabolites have an important role in the ecological functions of the plant: as protectants, 
attractants, or agents for symbiosis or competition. They affect the plant’s ability to survive 
in or compete for their habitats. Certain secondary metabolites are only found in one plant 
species or related group of species (Taiz and Zieger, 2010). Meanwhile, primary metabolites 
are found in all plants and execute vital metabolic responsibilities by participating in 
nutrition and reproduction (Pagare et al., 2015). 
 
According to Pagare et al. (2015), a plant’s secondary metabolites can be divided into three 
chemically different groups, namely terpenes, phenolics, and nitrogen and sulfur-containing 
compounds. Terpenes comprise the biggest group of secondary metabolites and usually 
serve as toxins or feeding deterrents to insects or mammals. Phenolics are produced in a 
large variety of plants and usually functions as the plant’s defense system against pests and 
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diseases. Nitrogen and sulfur-containing compounds are usually toxic and used in stress 
response or plant defense against pests and diseases.  
 
Phenolic compounds are chemically heterogeneous with nearly 10 000 known compound 
structures (Taiz and Zieger, 2010). In general, these secondary metabolites can commonly 
be found in all fruits and vegetables. Phenolic compounds are categorized into non-
flavanoids and flavonoids (Moreno et al., 2014), as can be seen in Figure 3 below. 
 
 
Figure 3: Phenolic composition according to its chemical structure (Moreno et al., 2014) 
Slika 3: Fenolna sestava glede na kemijsko strukturo (Moreno in sod., 2014) 
 
Giampieri et al. (2012) summarized the nutritional and beneficial phytochemicals in 
strawberries. According to its nutrient profile, 100 g of strawberry contains water (90.95 g), 
sugars (fructose, glucose, and sucrose) (4.89 g), dietary fibers (2 g), proteins (0.67 g), ash 
(0.4 g), and lipids (0.3 g). Strawberry is considered a healthy food choice because of its 
dietary fibers and fructose content. They are attributed to regulating blood sugar levels by 
giving a satiating effect and slowing down the digestion. To a lesser extent, strawberries are 
a source of healthy essential fatty acids because their seeds are rich in unsaturated fatty acids. 
 
Furthermore, Giampieri et al. (2012) stated that strawberry fruits are also an important source 
of vitamin C, with the average content around 58.8 mg/100 g FW, and have high levels of 
folate and manganese. To a lesser extent, strawberries contain many other vitamins (thiamin, 
riboflavin, niacin, vitamin B6, vitamin K, vitamin A, and vitamin E) and minerals 
(manganese, potassium, iodine, magnesium, copper, iron, and phosphorus). Besides these 
nutritive compounds, strawberries contain a variety of non-nutritive components such as 




Lignans Phenolic acids Stilbenes 
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anthocyanins (150 - 600 mg/kg FW) and ellagitannins (21.7 - 83.2 mg/kg FW) (Giampieri 
et al., 2012). 
 
Moreno et al. (2014) reported that flavonoids are the most abundant phenolic compound in 
strawberries, where 40% thereof are anthocyanins (Figure 4). According to Seeram et al. 
(2006) strawberry fruits contain ellagic acid (EA), EA-glycosides, ellagitannins, 
gallotannins, anthocyanins, flavonols, flavanols, and coumaroyl glycosides. The main 
anthocyanidins are pelargonidin and cyanidin which are mostly found as glucosides and 
rutinosides. Most flavonols in strawberries are quercetin and kaempferol, in form of their 
glucuronides and glucosides. Husaini and Zaki (2016) stated that strawberry phenolics are 
best known by their antioxidant and anti-inflammatory properties, direct and indirect anti-
microbial, anti-allergy, and anti-hypertensive properties, as well properties that prevent 
oxidative stress-related diseases. 
 
 
Figure 4: Phenolic compounds identified in the strawberry (Moreno et al., 2014) 
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3 MATERIALS AND METHODS 
3.1 MATERIALS 
Fruit samples were collected during two different harvesting times. In spring 2017 samples 
were collected from Gorenja Vas and in autumn 2017 samples were collected from Brdo pri 
Lukovici. Fruit samples consisted of two varieties, namely 'Clery' and 'Asia', and had two 
different ripeness, being evenly ripe and unevenly ripe. 
 
The spring samples were harvested on May 10, 2017 (var.‘Clery’) and May 24, 2017 (var. 
‘Asia’) while the autumn samples were harvested on September 27, 2017 (var. ‘Clery’) and 
October 6, 2017 (var. ‘Asia’). 
3.1.1 'Clery' 
Variety ‘Clery’ is a very early variety patented by Consorzio Italiano Vivaisti (CIV). It has 
high chilling requirements hence it is suitable for continental European environments. It 
holds an excellent combination of productivity, commercial, and gustatory features. The 
fruits are characterized by a long conical shape which is typical from first picking and a 
wonderful bright red coloration. They are also large and uniform and have excellent 
organoleptic qualities and aroma. The plants are known to have good vigor and habit, which 
is why this variety can easily be cultivated as a pot plant or with low environmental impact 
techniques. It also has a very high tolerance to leaf and root diseases (CIV, 2020). In the last 
few years, 'Clery' performs well in various growing technologies because of its special 
characteristics: low light requirements, very good response to heat, and easy pollination and 
fruit set (Idris Strawberries, 2020). 
3.1.2 'Asia' 
 
Variety 'Asia' was released by New Fruit s.a.s, Italy, in 2005. It was described as an early-
middle season variety. It is recommended for spring and autumn cultivation in tunnels or 
open fields but can also be cultivated during the summer in cooler areas. This variety is 
tolerant to most common root diseases but susceptible to powdery mildew (Oidium 
fragariae) and anthracnose (Colletotrichum acutatum). It is characterized by very nice and 
large fruit size, very good taste and aroma, and high productivity. It is also frost resistant 
(New Fruits, 2020). It has an average fruit size of 28 g (very large), a long-conical shape 
with medium shape consistency, and good resistance to handling. It has a bright red surface 
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Figure 5: Differently pigmented parts (dark, medium, and white) of unevenly ripe strawberry fruits 
Slika 5: Različno obarvani deli (temno, srednje in belo) neenakomerno zrelega plodu žlahtnega jagodnjaka 
3.2 METHODS 
 
In this experiment, the strawberry fruit characteristics (color parameters, firmness, SSC) and 
contents and concentrations of metabolites (sugars, organic acids, vitamin C, and 
polyphenolic compounds) of both evenly ripe fruits and unevenly ripe fruits were examined. 
Two varieties were used for this experiment, namely 'Clery' and 'Asia'. On the evenly ripe 
fruits, the effects of harvesting times were examined. On unevenly ripe fruits, differences 
between the differently pigmented parts (dark, medium, and white) of the fruits were 

















After harvest, samples were immediately delivered to the laboratory of the Chair for fruit 
growing, viticulture, and vegetable growing at Biotechnical Faculty, University of Ljubljana. 
Ten random fruits per variety per ripening condition were selected for fruit characteristic 
observations (color and firmness). After that, four repetitions of extracts were made from 
those fruit samples to measure the SSC, sugars, organic acids, vitamin C, and phenolic 
compounds concentrations. 
3.2.1 Fruit characteristics 
 
Ten selected fruits per treatment underwent measurements of firmness, color, and SSC, so 
there were 10 repetitions for every treatment (n=10). These measurement methods referred 
to the experiment conducted by Mikulič-Petkovšek et. al. (2017) with slight modifications. 
A penetrometer was used with a size 2.5 mm probe was used for the firmness test. Each 
evenly ripe fruit was punctured once in its middle part while each unevenly ripe fruit was 
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punctured three times, one on the dark, one on the medium, and one on the white parts of 
the fruit. The firmness results are expressed in newtons (N). 
The color test was performed using a portable colorimeter (Konica Minolta, CR-10 Chroma). 
Each evenly ripe fruit was measured once, in its middle parts, while each unevenly ripe fruit 
was measured three times, one on the dark, one on the medium, and one on the white parts 
of the fruit. The color test results are expressed in parameters L*, C*, and h°. 
 
According to Konica Minolta (2020), The L*C*h° color space describes color differently 
using cylindrical coordinates (Figure 6). In this color space, L* indicates lightness, C* 
represents chroma, and h° explains the hue angle. The value of chroma C* is the distance 
from the lightness axis (L*) and starts at 0 in the center. The hue angle starts at the +a* axis 
and is expressed in degrees. Colourphil (2020) explains the L* value ranges from 0, which 
shows no lightness (absolute black) to 100 which shows maximum lightness (absolute 
white). The C* value ranges from 0, which shows a completely unsaturated color, to 100 or 
more, which shows color purity. The h° units are in the form of degrees° (or angles), ranging 
from 0° (red) through 90° (yellow), 180° (green), 270° (blue) and back to 0°, as can be seen 



















After the fruit’s firmness and color were measured, its SSC was measured using a 
refractometer. Ten unevenly ripe fruits were randomly divided into four groups, and their 
differently pigmentated parts (dark, medium, and white) were separated as shown in Figure 
7. Ten evenly ripe fruits were also divided into four groups. Each part of the fruit was then 
finely chopped and turned into fruit puree. SSC was measured by putting a drop of 
Figure 6: The L*C*h° cylindrical color space (Konica Minolta, 2020) 
Slika 6: L*C*H*h° cilindrični barvni prostor (Konica Minolta, 2020) 
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strawberry juice from each group of samples onto the refractometer lense. SSC results are 
shown in °Brix. Each sample group was measured four times (n=4). The same samples (n=4) 
were used for extraction to determine the sugar, organic acids, vitamin C, and phenolic 
compounds. 
 
Figure 7: Differently pigmented parts of the fruit (from left to right: dark, medium, and white parts) after 
separation and before extraction. 
Slika 7: Ločevanje različno obarvanih delov plodov (od leve proti desni: temni, srednje obarvani in beli deli) 
pred ekstrakcijo. 
 
Fruit parameters were measured separately for spring and autumn strawberry samples. 
3.2.2 Sugars and organic acids extraction 
 
The fruit’s sugars and organic acids were measured together using the same sample. The 
following method was executed for each sample. First, 4 g fruit puree and 15 ml double-
distilled water were mixed inside a tube. The tube was then placed onto a shaker for 30 
minutes, to be extracted at room temperature. After the extraction, the tube was centrifuged 
for seven minutes on 10 000 rpm, at 4 °C. The precipitate (solid part) and the supernatant 
(liquid part) were separated and the supernatant was filtered through a 0.2 µm cellulose ester 
filter into a vial. The sample was ready for further analysis using high-performance liquid 
chromatography (HPLC). This sugar and organic acid extraction method were slightly 
modified from the method by Mikulič-Petkovšek et al. (2013). 
The extraction and HPLC analyses were done separately for the spring and autumn samples. 
3.2.3 Vitamin C extraction 
 
Vitamin C extraction was executed using the following procedure. First, 3.5g fruit puree and 
7 ml 2 % meta-phosphoric acid were mixed inside a tube. The tube was placed onto a shaker 
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for 30 minutes at room temperature for vitamin C extraction. After extraction, the tube was 
centrifuged for seven minutes on 10 000 rpm, at 4 °C. The precipitate and the supernatant 
were separated and the supernatant was filtered through a 0.2 µm cellulose ester filter into a 
vial. The extract was ready for further analysis with HPLC. This vitamin C extraction 
method was slightly modified from the method by Mikulič-Petkovšek et al. (2017). 
The extractions and HPLC analyses were done separately for the spring and autumn samples. 
3.2.4 Phenolic compounds extraction 
Phenolics extraction was executed using the following method. First, 4 g of fruit puree and 
10 ml of 3% formic acid solved in methanol were mixed inside a tube. Immediately after, 
the tube was placed inside a cool box filled with ice to prevent oxidation. Then, the sample 
underwent cool extraction in an ultrasonic bath for one hour. After extraction, the tube was 
centrifuged for seven minutes on 10 000 rpm, at 4 °C. The precipitate and the supernatant 
were separated and the supernatant was filtered through a 0.2 µm polyamide filter into a vial. 
The polyphenolics extract in that vial was ready for further analysis with HPLC. The 
phenolic extraction method was slightly modified from the method by Mikulič-Petkovšek et 
al. (2013). 
Phenolics extractions were done separately in spring and autumn but the samples were run 
in HPLC at the same time, which was after the autumn samples were prepared. To preserve 
the quality of the spring samples, the prepared extracts were stored at -20°C. 
3.2.5 HPLC analysis 
 
As mentioned before, HPLC is an abbreviation for high-performance liquid 
chromatography. Chromatography, in general, is a technique that separates components in a 
mixture to the differing time taken for each component to travel through a stationary phase 
when carried through it by a mobile phase. There are a few types of chromatography based 
on the form of the mobile phase used. In liquid chromatography (LC), the mobile phase is 
always in liquid form, while the stationary phase can be in solid or liquid form. In HPLC, a 
column is used to place the stationary phase. The time taken for a component to travel 
through the stationary phase is referred to as the retention time. The process of the sample 
being carried continuously in the mobile phase is called elution (McPolin, 2009). 
HPLC is characterized by the use of very small particles of stationary phase through which 
the mobile phase is pumped at high pressure. This analysis provides information on the 
chemical composition of samples. The information obtained might be qualitative, indicating 
which compounds are present in the samples, or quantitative, providing the actual amount 
are present in the sample (McPolin, 2009). 
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3.2.5.1 HPLC analysis for sugars and organic acids 
 
HPLC analysis for sugars and organic acids was based on the method by Mikulič-Petkovšek 
et al. (2017). For sugar analysis, 20 μl of the prepared extract was inserted into the HPLC 
machine. For the separation of samples, the Rezex RCM-monosaccharide column (300 mm 
x 7.8 mm) and a refractive index (RI) detector were used. The mobile phase was double-
distilled water, and the flow rate was 0.6 ml/min. Each sample was analyzed for 30 minutes 
at a column temperature of 65 °C. 
 
For organic acid analysis, the injected unit of the extract was 20 μl. The analysis was 
performed using the column Rezex ROA-organic acid (300 mm x 7.8 mm). The UV detector 
was set to 210 nm and the column was heated to 65 °C. The mobile phase was 4 mM sulfuric 
acid dissolved in double-distilled water, with a flow rate of 0.6 ml/min. Each sample was 
analyzed for 30 minutes. 
 
The concentration of individual sugars and organic acids were determined using the 
calibration curve of adequate standards, which was made with standard solutions. The sugar 
or acid concentrations were expressed in g/kg fresh FW or mg/kg FW depends on the 
contents. 
3.2.5.2 HPLC analysis for vitamin C 
 
HPLC analysis for vitamin C was based on the method by Mikulič-Petkovšek et al. (2017). 
The injected unit of the prepared extract was 20 μl. The column Rezex ROA-organic acid 
(300 mm x 7.8 mm) was used for the analysis. The UV detector was set to 245 nm and the 
column was heated to 20 °C. The mobile phase was 4 mM sulfuric acid dissolved in double-
distilled water with a flow rate of 0.6 ml/min. Each sample was run and analyzed for 30 
minutes. 
Vitamin C concentration was determined using the calibration curve of adequate standards, 
which was made based on different concentrations of vitamin C. The vitamin C 
concentrations were expressed in g/kg FW. 
 
3.2.5.3 HPLC analysis for phenolic compounds 
 
HPLC analysis of phenolics was based on the method by Mikulič-Petkovšek et al. (2013). 
The injected unit of the prepared extract was 20 μl. Phenolic substances were analyzed using 
the Thermo Finnigan Accela HPLC system (San Jose, USA) with a diode array detector set 
at 280 nm, 350 nm, and 530 nm. The Phenomenex Gemini C18 (150 mm x 4.5 mm, 3 μm) 
column was used at the temperature of 25 °C. Mobile phases were aqueous 0.1% formic acid 
and 3% acetonitrile in double-distilled water (A) and 0.1% formic acid and 3% distilled 
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water dissolved in acetonitrile (B). The flow rate of the mobile phases was 0.6 ml/min. Each 
sample was analyzed for 45 minutes. 
 
Individual substances were identified by comparing the retention time and the spectrum. All 
phenolic substances were also confirmed using the mass spectrometer (Thermo Scientific, 
LCQ Deca XP MAX) with electrospray ionization, operating in positive ion mode (for 
anthocyanins) and negative ion mode (for all others). Spectrometric data were elaborated 
using Excalibur software (Thermo Scientific). 
Concentrations of phenolic substances were calculated using the calibration curve of 
adequate standards. For phenolic compounds without established standards, quantitations 
were carried out by using the chemically similar standard. Concentrations of phenolics were 
expressed in mg/kg FW. 
3.2.6 Statistical Analysis 
 
Data obtained from the chemical analysis were statistically analyzed using the R-
Commander program. Depending on the number of treatments, data were analyzed with a t-
test or analysis of variance (ANOVA) test with a significance level of 0.05. If the ANOVA 
result showed a statistical difference, the least significance difference (LSD) test was applied 
to further analyze the difference of the means, also with a significance level of 0.05. 
In this experiment, as mentioned before in the hypothesis, the effect of harvesting times on 
fruit characteristics and metabolite compounds on evenly ripe fruits was examined first. The 
data from evenly ripe fruits were compared between spring and autumn samples, for each 
variety separately. In the second part, the differently pigmented parts of unevenly ripe fruits 
were studied. The data from unevenly ripe fruits were compared for each variety, and each 
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4 RESULTS  
4.1 GENERAL DESCRIPTION 
 
The fruit samples from two varieties, 'Clery' (Figure 8) and 'Asia' (Figure 9), were brought 
to the laboratory in spring and autumn. All fruit samples were fresh and healthy and consisted 
of both evenly ripe fruits and unevenly ripe fruits. 
The spring-harvested evenly ripe fruits from the variety 'Clery' matched the variety 
description (see Chapter 3.1.1). They had a conical shape, were colored bright red, and were 
uniformly sized. The unevenly ripe fruits had uneven coloration in the form of white patches, 
mostly on the top part of fruits, just under the calyxes. This condition made the affected 
fruits appear paler than the normal (evenly ripe) fruits.  
The autumn-harvested evenly ripe fruits from the variety ‘Clery’ were smaller in size 
compared to the spring-harvested fruit but also had a bright red color. The unevenly ripe 
fruits showed pronounced uneven ripening. The fruits had a 'white shoulder' on the top of 
fruits (under the calyx).  
 
Figure 8: Samples from the variety 'Clery'. From left to right: evenly ripe fruits harvested in spring, unevenly 
ripe fruits harvested in spring, evenly ripe fruits harvested in autumn, and unevenly ripe fruits harvested in 
autumn 
Slika 8: Vzorci sorte 'Clery'. Od leve proti desni: enakomerno zreli plodovi obrani spomladi, neenako zreli 
plodovi obrani spomladi, enakomerno zreli plodovi obrani jeseni in neenako zreli plodovi obrani jeseni 
 
The spring-harvested evenly ripe fruits from the variety 'Asia' also matched the variety 
description (see Chapter 3.1.2). The fruits were large, had a long-conical shape with a 
medium shape consistency, and were colored bright red. The unevenly ripe fruits failed to 
obtain color in their basal parts (receptacles), creating 'green tips'. The white patches on the 
top parts were present, too, on some fruits. The autumn-harvested fruits had a distinctive 
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white part where the pedicles sat which looked like white 'necks', even when they were 
evenly ripe. The other parts of the evenly ripe fruits were colored bright red. In the unevenly 
ripe fruits, the combinations between white 'necks' and 'white shoulders' on the top of fruit 
made the fruit seem unripe in general.  
 
Figure 9: Samples from the variety 'Asia'. From left to right: evenly ripe fruits harvested in spring, unevenly 
ripe fruits harvested in spring, evenly ripe fruits harvested in autumn, and unevenly ripe fruits harvested in 
autumn 
Slika 9: Vzorci sorte 'Asia'. Od leve proti desni: enakomerno zreli plodovi obrani spomladi, neenako zreli 
plodovi obrani spomladi, enakomerno zreli plodovi obrani jeseni in neenako zreli plodovi obrani jeseni 
4.2 THE EFFECT OF HARVESTING TIMES ON FRUIT CHARACTERISTICS AND 
METABOLITES OF EVENLY RIPE STRAWBERRY 
 
Table 1 shows the data comparison between spring-harvested and autumn-harvested 
strawberry samples of evenly ripe fruits. Analyses for both varieties were performed 
separately.  
 
The variety 'Clery' had the same color parameters value L* and C* during both harvesting 
times, but the spring sample had a higher value of h° compared to the autumn sample. The 
0° indicates the red color in the L*C*h° color spaces, (Figure 6), thus the measurement of 
both spring and autumn samples fell within the red color area. The h° value of the spring 
sample was 2.25° more than that of the autumn sample, and according to the color spaces 
(Figure 6) the redness intensity lowers when the angle increases. The whole result indicated 
that 'Clery' variety strawberry fruits had the same lightness and chroma (brightness) when 
harvested in spring and autumn, but the spring sample’s hue degree was 2.25° higher than 
the autumn sample, showing that the autumn sample has a slightly redder color. This 
difference of 2.25° in h° value is subtle and could probably not be seen without the use of 
measurement tools. The 'Asia' variety showed no differences in color parameters L*, C*, 
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and h°, indicating that the fruits harvested in both times had the same lightness, brightness, 
and hue.  
 
Fruit firmness was the same for both varieties 'Clery' and 'Asia', whether it was harvested in 
spring or autumn, while SSC showed statistical differences between the harvesting times for 
both varieties where the fruits harvested in autumn had higher SSC values. Vitamin C 
concentration was found statistically different only for variety 'Asia', where higher content 
was found in spring harvest. 
 
Total sugars and total organic acids content also differ between the harvesting times for both 
varieties. Higher total sugar contents were found in fruits harvested in autumn for both 
varieties, while higher organic acid concentration was found in fruits harvested in autumn 
for the variety 'Clery' and fruits harvested in spring for the variety 'Asia'. Total sugars 
consisted of mostly fructose and glucose and smaller amounts of sucrose (only around 10% 
of total sugar content). The total organic acid consisted of citric acid (around 70 – 80%) and 
malic acid, with traces of shikimic acid and fumaric acid. The composition of total sugars 
and total organic acid and the amount of the constituents is listed in more detail in Table 1. 
 
Seven groups of phenolics were detected in the variety 'Clery', namely EA derivatives, 
flavones, flavanols, flavanones, flavonols, hydroxycinnamic acids (HCAs), and 
anthocyanins. In the variety 'Asia', only six groups were detected (HCAs were not detected). 
The autumn harvest of 'Asia' also did not contain flavanones (flavanones in the variety 'Asia' 
was only present in the spring sample). In general, for every treatment, even if flavanones 
were present, only traces were detected. 
 
The variety 'Clery' showed differences in flavonols and HCAs contents when harvested in 
spring or autumn. The autumn samples contained 2.9 times higher flavonols and 2.3 times 
higher HCAs than the spring samples. In the variety 'Asia', flavones, flavanols, and 
anthocyanins were also statistically different depending on harvesting times. The spring 
samples contained higher contents of flavones (2.6 times), flavanols (2.5 times), and 
anthocyanins (3.2 times) compared to the autumn samples. The final step is to count the total 
analyzed phenolic (TAP), which is the sum of all the phenolics found. TAP was found to be 
statistically different only in the variety 'Asia' and not in 'Clery'. The TAP in variety 'Asia' 
was 1.8 times higher in fruits harvested in spring compared to those harvested in autumn.  
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Table 1: The results (mean ± standard error of the mean) of fruit characteristics and metabolites measurements of strawberry variety 'Clery' and 'Asia' from two 
different harvesting times. The characters following p-value and the different letters following the result explained the statistical differences between the spring and 
autumn samples within each variety separately (small letters for variety ‘Clery’ and capital letters for variety ‘Asia’), based on the analysis with a t-test for two 
independent samples (NS: non-significant, *: significant at p<0.05, **: significant at p>0.01, ***: significant at p>0.001, NA: the data was not available). 
Preglednica 1: Rezultati (povprečje ± standardna napaka povprečja) meritev lastnosti plodov in vsebnosti metabolitov v plodovih žlahtnega jagodnjaka sort 'Clery' 
in 'Asia' v dveh terminih obiranja. Znak za vrednostjo p pove statistične razlike med spomladanskimi in jesenskimi vzorci za vsako sorto posebej (male črke za 
sorto ‘Clery’ in velike črke za sorto ‘Asia’), po analizi s t-testom za dva neodvisna vzorca (NS: neznačilno, *: značilno pri p<0.05, **: značilno pri p>0.01, ***: 
značilno pri p>0.001, NA: podatki niso na voljo). 
Parameter Unit Clery 
mean ± standard error of the mean 
Asia 
 mean ± standard error of the mean 
Spring Autumn p-value Spring Autumn p-value 
L* (lightness) - 16.7 ± 1.03 15.7 ± 0.48 0.397 NS 13.24 ± 0.43 13.12 ± 0.58 0.870 NS 
C* (chroma) - 67.74 ± 0.90 68.41 ± 0.72 0.570 NS 60.63 ± 0.80 64.31 ± 2.14 0.135 NS 
h° (hue angle) ° 8.91 ± 0.76 a 6.66 ± 0.91 b 0.073 * 11.96 ± 1.07 10.82 ± 0.80 0.404 NS 
Firmness N 0.51 ± 0.05 0.56 ± 0.07 0.560 NS 0.41 ± 0.09 0.56 ± 0.10 0.263 NS 
SSC °Brix 10.13 ±  0.37 b 11.23 ± 0.19 a 0.038 * 8.15 ± 0.13 B 8.55 ± 0.09 A 0.040 * 
Sucrose g/ kg FW 3.10 ± 0.18 b 16.95 ± 0.44 a 0.000 
*** 
3.52 ± 0.37 B 11.41 ± 0.86 A 0.000 *** 
Glucose g/ kg FW 18.12 ± 0.98 b 25.74 ± 0.81 a 0.001 ** 14.05 ± 0.66 B 17.76 ± 0.85 A 0.014 * 
Fructose g/ kg FW 21.31 ± 1.13 b 28.34 ± 0.91 a 0.003 ** 16.91 ± 0.84 19.17 ± 0.92 0.120 NS 
Total sugars g/ kg FW 42.54 ± 2.02 b 71.03 ± 1.64 a 0.000 
*** 
34.50 ± 1.85 B 48.34 ± 2.60 A 0.005 ** 
Vitamin C mg/ 100 g 
FW 
52.00 ± 2.34 53.50  ± 1.19 0.589 NS 44.25  ± 1.25 A 38.00 ± 1.22 B 0.012 * 
Citric acid g/ kg FW 2.44 ± 0.16 b 2.97 ± 0.08 a 0.027 * 2.64 ± 0.13 A 2.03 ± 0 09 B 0.009 ** 
Malic acid g/ kg FW 1.05 ± 0.04 1.01 ± 0.02 0.417 NS  0.87 ± 0.07 0.78 ± 0.02 0.297 NS 
Fumaric acid mg/ kg FW 2.73 ± 0.10 a 1.78 ± 0.16 b 0.000 
*** 
6.55 ± 0.93 A 3.10 ± 0.12 B 0.031 * 
Shikimic acid mg/ kg FW 9.94 ± 0.65 8.93 ± 0.41 0.234 NS  5.73 ± 0.70 A 3.4 ± 1 0.36 B 0.025 * 
Total organic 
acids 
g/ kg FW 3.50 ± 0.15 b 3.99 ± 0.08 a 0.027 * 3.52 ± 0.20 A 2.82 ± 0.11 B 0.022 * 
       Continued 
 
Novljan, M. Fruit charcteristics and metabolite composition…strawberry… (Fragaria x ananassa Duch.).  22 






        
        
        
        






       
Continuation of Table 1       
Parameter Unit Clery 
mean ± standard error of the mean 
Asia 
 mean ± standard error of the mean 
  Spring Autumn p-value Spring Autumn p-value 
Total EA 
derivatives 
mg/ kg FW 232.67 ± 37.91 321.01 ± 82.87 0.389 NS 445.41 ± 38.80 368.55 ± 31.01  0.171 NS 
Total flavones mg/ kg FW 4.69 ± 0.35 3.79 ± 0.92 0.393 NS 19.96 ± 1.23 A 7.63 ± 0.95 B 0.000 *** 
Total flavanols mg/ kg FW 371.20 ± 24.92 379.60 ± 12.93 0.775 NS 585.48 ± 36.43 A 230.69 ± 28.71 B 0.000 *** 
Total flavanones mg/ kg FW 1.91 ± 0.14 1.65 ± 0.36 0.525 NS 0.94 ± 0.36 NA - 
Total flavonols mg/ kg FW 24.75 ± 2.87 b 71.34 ± 8.40 a 0.002 ** 40.64 ± 8.06 42.25 ± 3.76 0.862 NS 
Total HCAs mg/ kg FW 39.80 ± 5.07 b 92.47 ± 3.42 a 0.000 
*** 
NA NA NA 
Total 
anthocyanins 
mg/ kg FW 87.01 ± 7.53 83.86 ± 3.20 0.713 NS 122.44 ± 6.40 A 37.82 ± 10.76 B 0.000 *** 
Total Analyzed 
Phenolics (TAP) 
mg/ kg FW 762.02 ± 22.65 953.73 ± 110.60 0.181 NS 1214.59 ± 87.52 A 686.94 ± 60.38 B 0.003 ** 
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4.3 FRUIT CHARACTERISTICS AND METABOLITES OF DIFFERENTLY 
PIGMENTED PARTS OF UNEVENLY RIPE STRAWBERRY 
 
The comparison of fruit characteristics and metabolites of differently pigmented parts of 
unevenly ripe fruits is shown in Table 2 (for 'Clery') and Table 3 (for 'Asia'). Analyzes are 
done separately for each variety and each harvesting time. 
4.3.1 Variety 'Clery'  
 
All color parameters L*, C*, and h° in the variety ‘Clery’ showed statistical differences for 
both harvesting times. The L* value for the spring harvest was the highest in the white part 
and followed by the medium part, and was the lowest in the dark part. The C* values of the 
dark and the medium part were the same, while it was lower in the white part. All h° 
measured from all three parts fell into the red color area according to Figure 6. The highest 
hue angle obtained was in the white part, with a value of 21.36°, followed by the medium 
part, and then the dark part. In summary, more pigmented areas have lower L* and h° values 
and higher C* values. 
 
The strawberry samples harvested in autumn had the highest L* value in the white part, 
followed by the medium part, and had the least in the dark part. The C* values in dark and 
medium parts were the same and were higher compared to the C* value in the white part. 
The value of h° showed that all parts of the fruit contain the color red, based on the diagram 
in Figure 6. The h° value was the highest in the white part (15.35) and the medium part 
(14.28), followed by the dark part. In summary, similar results as the strawberries harvested 
in spring were obtained. More pigmented areas have lower L* and h° values and higher C* 
values. 
 
Firmness and SSC values were statistically different between fruits that were harvested in 
spring and fruits that were harvested in autumn. For both harvesting times, the white part 
had the highest firmness, followed by the medium and dark parts at the same measuring 
values (Table 2). The dark and medium parts of the spring harvest contained the same SSC 
concentrations, while in the white part the concentration was lower. As for the autumn 
harvest, the dark part contained higher SSC compared to the white and medium parts, which 
were not statistically different. The vitamin C content was different in the autumn harvest 
but not in the spring harvest. The highest vitamin C content in strawberries harvested in 





Novljan, M. Fruit charcteristics and metabolite composition…strawberry… (Fragaria x ananassa Duch.).  24 
 M.Sc. Thesis. Ljubljana, Univ. of Ljubljana, Biotechnical Facutly, Department of Agronomy, 2020  
 
Table 2: The result (mean ± standard error of the mean) of fruit characteristics and metabolites measurements of differently pigmented parts of the strawberry 
variety 'Clery' from two different harvesting times. The characters following p-values and the different letters following the result values explained statistically 
significant differences between the parts of fruits on each harvesting time separately (small letter for spring results and capital letters for autumn results), based on 
analysis with ANOVA and LSD test (significance level p< 0.05, NS: non-significant, *: significant at p<0.05, **: significant at p>0.01, ***: significant at 
p>0.001). 
Preglednica 2: Rezultati (povprečje ± standardna napaka povprečja) meritev lastnosti plodov in vsebnosti metabolitov v plodovih žlahtnega jagodnjaka v različno 
obarvanih delih sorte 'Clery' v dveh terminih obiranja obiranja (male črke za spomladanske rezultate in velike črke za jesenske rezultate). Znak za vrednostjo p pove 
statistične razlike med različno obarvanimi deli plodu za vsak termin obiranja posebej, po analizi z ANOVA in LSD testom  (nivo značilnosti p< 0.05, NS: 
neznačilno, *: značilno pri p<0.05, **: značilno pri p>0.01, ***: značilno pri p>0.001). 
 
Parameter Unit Spring 
 mean ± standard error of the mean 
Autumn 
 mean ± standard error of the mean 
  White Medium Dark p-value White Medium Dark p-value 
L* 
(lightness) 
- 41.03 ± 1.33 a 24.23 ± 2.03 b 18.27 ± 0.80 c 0.000 *** 41.67 ± 2.37 A 24.39 ±  1.64 B 18.65 ± 1.27 C 0.000 *** 
C* (chroma) - 51.82 ± 2.34 b 70.03 ± 0.69 a 72.00 ± 0.32 a 0.000 *** 50.34 ± 3.60 B 67.51 ± 1.75 A 67.62 ± 1.33 A 0.000 *** 
h° (hue 
angle) 
° 21.36 ± 1.46 a 16.15 ± 0.88 b 10.73 ± 0.58 c 0.000 *** 15.35 ± 1.77 A 14.28 ± 1.78 A 8.42 ± 0.83 B 0.007 ** 
Firmness N 1.34 ± 0.09 a 0.90 ± 0.06 b 0.69 ± 0.07 b 0.000 *** 1.13 ± 0.13 A 0.58 ± 0.09 B 0.72 ± 0.07 B 0.002 ** 
SSC °Brix 8.65 ± 0.25 b 9.85 ± 0.15 a 10.10 ± 0.14 a 0.000 *** 8.48 ± 0.08 B 8.83 ± 0.27 B 11.15 ± 0.70 A 0.004 ** 
Sucrose g/kg 
FW 
3.46 ± 0.56 b 6.18 ± 0.33 a 7.02 ± 0.19 a 0.000 *** 12.03 ±  0.28 C 15.52 ±  0.09 B 18.50 ± 1.19 A 0.000 *** 
Glucose g/kg 
FW 
15.09 ± 0.92 16.21 ± 0.55 15.63 ± 0.25 0.485 NS 16.19 ± 0.31 C 18.80 ± 0.28 B 24.80 ± 1.06 A 0.000 *** 
Fructose g/kg 
FW 
17.89 ± 1.04 19.11 ± 0.59 18.45 ± 0.25 0.501 NS 18.11 ± 0.34 C 20.93 ± 0.28 B 27.00 ± 0.81 A 0.000 *** 
Total sugars g/kg 
FW 
36.44 ± 1.42 b 41.44 0.90 a 41.11 ± 0.52 a 0.012 * 46.32 ± 0.79 C 55.25 ± 0.56 B 70.30 ± 2.83 A 0.000 *** 
Vitamin C mg/ 
100g 
FW 
47.75  ± 1.89 47.00 ± 1.78 51.75 ± 2.75 0.239 NS 35.75 ± 0.75 B 41.50 ±  2.63 B 52.25 ± 2.59 A 0.001 ** 
         Continued 
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Continuation of Table 2         
Parameter Unit Spring 
 mean ± standard error of the mean 
Autumn 
 mean ± standard error of the mean 
  White Medium Dark p-value White Medium Dark p-value 
Citric acid g/kg 
FW 
3.33 ± 0.22 a 2.75 ± 0.21 ab 2.54 ± 0.10 b 0.034 * 2.91 ± 0.21 2.80 ± 0.11 3.36 ± 0.26 0.178 NS 
Malic acid g/kg 
FW 
1.41 ± 0.07 1.14 ± 0.08 1.22 ± 0.04 0.063 NS 0.88 ± 0.13 0.96 ± 0.03 1.30 ± 0.17 0.088 NS 
Fumaric acid mg/kg 
FW 
2.35 ± 0.11 2.36 ± 0.04 2.21 ± 0.07 0.346 NS 1.26 ±  0.03 1.37 ± 0.10 1.51 ± 0.10 0.613 NS 
Shikimic acid mg/kg 
FW 












611.00 ± 144.59 560.57 ± 69.45 675.96 ± 
71.25 
0.730 NS 288.21 ± 38.00 
C  
453.19 ± 25.05 
B 
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Fruits harvested in spring and autumn had also different amounts of total sugars. The spring 
harvest had the same amount of total sugars in the dark and medium part, while the total 
sugars in the white part were lower. The autumn harvest had the highest amount of total 
sugars in the dark part, followed by the medium part, and lastly the white part. Total organic 
acids amount differed only in fruits harvested in spring. The highest total organic acid 
amount of fruits harvested in spring was found in the white part, while the other parts 
contained the same amount of total organic acids. The autumn harvest showed no difference 
in all organic acids amounts other than shikimic acid, which is why the total organic acid 
content showed no difference between the fruit parts. The contribution of individual sugars 
and individual organic acids in the number of total sugars and total organic acids was similar 
to the previous result in Chapter 4.2, as shown in Table 2. 
 
As mentioned in chapter 4.2, all seven groups of phenolics can be found in the variety 'Clery' 
samples, both in the spring and autumn harvest. The concentrations of five phenolic groups, 
namely EA derivatives, flavanols, flavonols, HCAs, and anthocyanins, are shown in mg/kg 
FW and is presented in Figure 10. The other two phenolic groups, flavones and flavanones, 
can be observed in more detail using a lower unit of µg/kg FW because they were present in 
much lower concentrations (see Figure 11). 
 
 
Figure 10: Content levels (mg/kg FW) of ellagic acid derivatives, flavones, flavanones, flavanols, flavonols, 
HCAs, and anthocyanins in differently pigmented parts of strawberry variety 'Clery' from two different 
harvesting times. Different letters above bars denote significant differences of the content levels between the 
parts of fruits on each harvesting time separately (small letter for spring results and capital letters for autumn 
results), based on analysis with ANOVA and LSD test (significance level p< 0.05) 
Slika 10: Vsebnost (mg/kg FW) derivatov elagne kisline, flavonov, flavanonov, flavanolov, flavonolov, HCA 
in antocianinov v različno obarvanih delih plodov sorte 'Clery' v dveh različnih terminih obiranja. Različne 
črke nad stolpci označujejo statistično značilne razlike v vsebnosti med različnimi deli plodov za posamezen 
termin obiranja (male črke za spomladanske rezultate in velike črke za jesenske rezultate), po analizi z ANOVA 











































 'Clery' spring white  'Clery' spring medium  'Clery' spring dark
 'Clery' autumn white  'Clery' autumn medium  'Clery' autumn dark
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The different parts of the spring harvest had different concentrations of flavanols and 
anthocyanins, where the highest concentration was found in the dark part of the fruits. For 
the autumn harvest, differences were noticed in all phenolic groups except for EA 
derivatives. The highest concentration of total flavones, flavanones, flavanols, flavonols, 
HCAs, and anthocyanins were found in the dark part of the fruit. Further, fruits harvested in 
spring showed no difference in TAP content while fruits harvested in autumn had significant 
differences in TAP content (Table 2). For the autumn harvest, the highest TAP content was 
found in the dark part (768.01 mg/kg FW), followed by the middle part (453.19 mg/ kg FW, 















Figure 11 Content levels (µg/ kg FW) of flavones and flavanones in differently pigmented parts of strawberry 
variety 'Clery' from two different harvesting times. Different letters above bars denote significant differences 
of the content levels between the parts of fruits on each harvesting time separately (small letter for spring 
results and capital letters for autumn results), based on analysis with ANOVA and LSD test (significance level 
p< 0.05).  
Slika 11: Vsebnost (µg/ kg FW) flavonov in flavanonov, v različno obarvanih delih plodov sorte 'Clery' v dveh 
različnih terminih obiranja. Različne črke nad stolpci označujejo statistično značilne razlike v vsebnosti med 
različnimi deli plodov za posamezen termin obiranja (male črke za spomladanske rezultate in velike črke za 
jesenske rezultate), po analizi z ANOVA in LSD testom (stopnja značilnosti p< 0.05).  
4.3.2 Variety 'Asia' 
 
As mentioned in Chapter 4.1, the unevenly ripe spring harvest of the variety 'Asia' has 'green 
tips' at the basal part of the fruit. Hence, the dark part of the fruit is located at the top of the 
fruit, the medium part in the middle, and the white part at the bottom. The autumn harvest’s 
uneven ripening takes the form of 'white shoulder' and the location of the pigmented parts is 
reversed. The white part of the fruit is at the top, the medium part in the middle, and the dark 

































 'Clery' spring white  'Clery' spring medium  'Clery' spring dark
 'Clery' autumn white  'Clery' autumn medium  'Clery' autumn dark
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Table 3: The result (mean ± standard error of the mean) of fruit characteristics and metabolites measurements of differently pigmented parts of strawberry variety 
'Asia' from two different harvesting times. The characters following p-values and the different letters following the result values explained statistically significant 
differences between the parts of fruits on each harvesting time separately (small letter for spring results and capital letters for autumn results), based on analysis 
with ANOVA and LSD test (significance level p< 0.05, NS: non-significant, *: significant at p<0.05, **: significant at p>0.01, ***: significant at p>0.001). 
Preglednica 3: Rezultati (povprečje ± standardna napaka povprečja) meritev lastnosti plodov in vsebnosti metabolitov v plodovih žlahtnega jagodnjaka v različno 
obarvanih delih sorte 'Asia' v dveh terminih obiranja (male črke za spomladanske rezultate in velike črke za jesenske rezultate). Znak za vrednostjo p pove 
statistične razlike med različno obarvanimi deli plodu za vsak termin obiranja posebej, po analizi z ANOVA in LSD testom (nivo značilnosti p< 0.05, NS: 
neznačilno, *: značilno pri p<0.05, **: značilno pri p>0.01, ***: značilno pri p>0.001). 
 
  
Parameter Unit Spring 
mean ± standard error of the mean 
Autumn 
mean ± standard error of the mean 
  White Medium Dark p-value White Medium Dark p-value 
L* 
(lightness) 
- 35.75 ± 1.18 a 24.29 ± 1.67 b 15.47 ± 0.86 c 0.000 *** 48.74 ± 0.47 A 30.41 ± 0.97 B 15.17 ± 0.90 C 0.000 *** 
C* (chroma) - 8.77 ± 0.96 b 67.15 ± 1.58 a 66.61 ± 1.91 a 0.000 *** 39.67 ± 0.59 C 66.14 ± 1.30 B 71.60 ± 1.12 A 0.021 * 
h° (hue 
angle) 
° 40.79 ± 2.60 a 18.09 ± 1.80 b 14.12 ± 1.53 b 0.000 *** 19.18 ± 0.6 A 19.45 ± 0.86 A 13.28 ± 0.83 B 0.000 *** 
Firmness N 1.84 ± 0.21 a 0.66 ± 0.13 b 0.52 ± 0.08 b 0.000  *** 1.03 ± 0.11 0.82 ± 0.10 1.10 ± 0.09 0.153 NS 
SSC °Brix 7.55 ± 0.18 6.95 ±  0.23 7.48 ± 0.09 0.079 NS 7.20 ± 0.19 C 8.53 ± 0.24 B 9.20 ± 0.14 A 0.000 *** 
Sucrose g/kg 
FW 
2.34 ± 0.24 1.59 ± 0.32 2.27 ± 0.44 0.281 NS 8.65 ± 0.26 B 11.95 ± 0.41 A 13.75 ± 0.87 A 0.000 *** 
Glucose g/kg 
FW 
13.75 ± 0.07 a 10.98 ± 0.31 b 13.05 ± 0.44 a 0.000 *** 15.54 ± 0.30 C 18.54 ± 0.49 B 21.53 ± 0.35 A 0.000 *** 
Fructose g/kg 
FW 
16.34 ± 0.09 a 12.87 ± 0.34 c 15.22 ± 0.46 b 0.000 *** 16.00 ± 0.38 C 20.07 ± 0.50 B 23.00 ± 0.38 A 0.000 *** 
Total sugars g/kg 
FW 
32.44 ± 0.24 a 25.44 ± 0.63 c 30.53 ± 0.63 b 0.000 *** 39.19 ± 0.91 C 50.56 ± 1.30 B 58.28 ±  1.60 
A 
0.000 *** 
Vitamin C mg/ 100 
FW 
31.25 ±  3.33 29.00 ± 2.08 39.75 ± 34.00 0.072 NS 32.50 ± 1.85 B 36.50 ± 0.50 B 42.00 ± 1.08 A 0.002 ** 
         Continued 
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Continuation of Table 3         
Parameter Unit Spring 
mean ± standard error of the mean 
Autumn 
mean ± standard error of the mean 
  White Medium Dark p-value White Medium Dark p-value 
Citric acid g/kg FW 3.15 ± 0.13 a 2.68 ± 0.21 ab 2.25 ± 0.18 b 0.018 * 2.52 ± 0.06 2.35 ± 0.08 2.35 ± 0.03 0.150 NS 
Malic acid g/kg FW 1.00 ± 0.07 0.86 ± 0.06 0.83 ± 0.04 0.173 NS 0.74 ± 0.03 C 0.88 ± 0.03 B 1.15 ± 0.02 A 0.000 *** 
Fumaric acid mg/kg FW 3.58 ± 0.48 3.70 ± 0.24 4.55 ± 0.44 0.052 NS 2.49 ± 0.16 B 2.71 ± 0.13 B 3.38 ±  0.19 A 0.010 ** 
Shikimic acid mg/kg FW 4.98 ± 0.55 5.35 ± 0.52 5.01 ± 0.23 0.819 NS 2.75 ± 0.17 3.82 ± 0.76 4.09 ± 0.37 0.185 NS 
Total organic 
acids 





mg/kg FW 681.77 ± 59.99 607.89 ± 45.08 690.96 ± 
73.39 
0.587 NS 290.27 ± 21.00 
C 
460.50 ± 20.34 
B 
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All the color parameters L*, C*, and h° of the spring harvest showed statistical difference 
between the differently pigmented parts of fruits (Table 3). The highest L* value was found 
in the white part, followed by the medium part, while the least value was found in the dark 
part. The C* values were the same in the medium and the dark parts, while in the white part 
it was lower. The h° is the highest in the white part (40.79°), while the other parts had the 
same value. In summary, similar results like the variety ‘Clery’ was obtained, where the 
more pigmented parts had lower L* and h° values and the higher C* values. An important 
distinction is that the medium part has the same C* and h° as the dark part. 
Color parameters L*, C*, and h° also showed the statistical difference between the 
differently pigmented parts of fruits harvested in autumn. The highest L* value was found 
in the white part, followed by the medium part, and the dark part. This value is reversed for 
the C* value, where the highest C* was found in the dark part, followed by the medium part, 
and finally the white part. The highest h° was found in the white and medium part, while the 
dark part had a lower value. In summary, similar to the previous result, more pigmented 
parts had lower L* and h° values and higher C* values. 
 
Fruit firmness differed only for the different parts of fruits harvested in spring, but not in 
those harvested in autumn. The highest firmness was found on the white part, while the other 
two parts had the same firmness. On the contrary, the SSC differed for the different parts of 
fruit harvested in autumn but not in those harvested in spring. The highest SSC found in the 
spring harvest was found in the dark part, followed by the middle part, and then the white 
part. The vitamin C content was also only significantly different in the autumn harvest, 
where the dark part contained 14% or 28% higher vitamin C compared to the medium or 
white part. 
 
The total sugars showed statistical differences in both harvesting times and total organic acid 
content differed only in the spring harvest. Fruits harvested in spring had the highest 
concentrations of sugars and organic acids in the white part of the fruit. For the fruits 
harvested in autumn, the highest sugar concentration was located in the dark part of the fruit 
while the content of the organic acid was the same in all parts of the fruits. The compositions 
of individual sugars and organic acids in the value of total sugars and organic acids can be 
seen in more detail in Table 3. 
 
Unlike the variety 'Clery', the unevenly ripe fruits of the variety 'Asia' did not contain HCAs 
during both harvesting times. Additionally, only the fruits harvested in spring contained 
flavanones. The fruit’s EA derivatives, flavanols, flavanols, and anthocyanin contents can 
be seen in Figure 12 (shown in mg/kg FW). To assess the different flavones and flavanones 
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The spring harvest displayed significant differences in flavones, flavonols, and anthocyanins 
content in the different fruit parts. The highest flavones level was found evenly in the dark 
part medium part, and less in the white part, while the highest flavonol content was found 
evenly in the white and dark part, and less in the medium part. The dark and medium part 
contained equal amounts of anthocyanin but its concentration in the white part was lower. 
Meanwhile, the autumn harvest showed statistical differences in all five phenolic groups 
detected. In general, all phenolic groups have the highest concentration in the dark part of 
the fruit. All individual phenolic groups found in the variety 'Asia' and their concentration is 
presented in Figure 12 and Figure 13. Finally, significant total TAP concentration showed 
significance only in fruits harvested in autumn, where the highest TAP was found in the dark 
part (805.90 mg/kg FW), followed by the medium part (460.50 mg/kg FW), and finally in 
the white part (290.27 mg/kg FW) (Table 3). 
 
 
Figure 12: Content levels (mg/kg FW) of ellagic acid derivatives, flavones, flavanones, flavanols, flavonols, 
and anthocyanins in differently pigmented parts of strawberry variety 'Asia' in two different harvesting times. 
Different letters above bars denote significant differences of the content levels between the parts of fruits on 
each harvesting time separately (small letter for spring results and capital letters for autumn results), based on 
analysis with ANOVA and LSD test (significance level p< 0.05).  
Slika 12: Vsebnost (mg/kg FW) derivatov elagne kisline, flavonov, flavanonov, flavanolov, flavonolov, HCA 
in antocianinov v različno obarvanih delih plodov sorte 'Asia' v dveh različnih terminih obiranja (male črke za 
spomladanske rezultate in velike črke za jesenske rezultate). Različne črke nad stolpci označujejo statistično 
značilne razlike v vsebnosti med različnimi deli plodov za posamezen termin obiranja po analizi z ANOVA in 
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 'Asia' spring white  'Asia' spring medium  'Asia' spring dark
 'Asia' autumn white  'Asia' autumn medium  'Asia' autumn dark
Figure 13 Content levels (µg/kg FW) of flavones and flavanones in differently pigmented parts of strawberry 
variety 'Asia' in two different harvesting times. Different letters above bars denote significant differences of 
the content levels between the parts of fruits on each harvesting time separately (small letter for spring results 
and capital letters for autumn results), based on analysis with ANOVA and LSD test. (significance level p< 
0.05). Flavanones weren’t detected in autum sample (NA = not analyzed). 
Slika 13: Vsebnost (µg/ kg FW) flavonov in flavanonov, v različno obarvanih delih plodov sorte 'Asia' v dveh 
različnih terminih obiranja. Različne črke nad stolpci označujejo statistično značilne razlike v vsebnosti med 
različnimi deli plodov za posamezen termin obiranja (male črke za spomladanske rezultate in velike črke za 
jesenske rezultate), po analizi z ANOVA in LSD testom (stopnja značilnosti p< 0.05). V jesenskem vzorcu 
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5 DISCUSSION 
5.1 GENERAL DESCRIPTION 
 
Uneven ripening in strawberries is quite a common finding and some varieties are more 
susceptible than the others, as reported by Popenoe and Mason (1981), Ontario CropIPM 
(2009), and Grubinger (2011). Strand (2008) explains that the disorder is associated with 
exposure to uneven temperatures during ripening and is usually a problem in the early 
production time (early spring) in some susceptible varieties. Warnert (2010) confirms this 
statement, reporting that low temperatures during spring triggers uneven coloration in the 
early strawberry production in Southern California. Unfortunately, no further explanation is 
available regarding the quality and chemical contents of these unevenly ripe fruits. 
Therefore, the purpose of this experiment was to further investigate this disorder, since this 
disorder is also observed in strawberry fruits in Slovenia, not only in fruits harvested in 
spring but also fruits harvested in autumn. 
 
This experiment observed that both forms of uneven ripening described by Strand (2008), as 
explained in Chapter 2.3, were present in the two varieties observed (Figure 2, Figure 8, and 
Figure 9). 'White shoulder' was observed in the variety ‘Clery’ in samples harvested in spring 
and autumn, with or without the presence of white patches in some parts of fruits. The variety 
'Asia' developed 'green tips' in fruits harvested in spring and 'white shoulders' in fruits 
harvested in autumn. This incident shows that different forms of uneven ripening can occur 
in the same variety produced in a different time and location. 
5.2 THE EFFECT OF HARVESTING TIMES ON FRUIT CHARACTERISTICS AND 
METABOLITES OF EVENLY RIPE STRAWBERRY 
 
Results showed that the color parameters of strawberry fruits from variety 'Clery' and variety 
'Asia' were mostly similar, aside from the h° difference in 'Clery', where the fruits harvested 
in autumn were redder in color (had lower h°) compared to the fruits harvested in spring, 
though this color difference was not visually visible. According to Nunes et al. (2006), the 
L* values of fruits reduce as the fruit ripens because fruits develop color, and the C* value 
increases from the color-break stage until three-quarter colored and then remains constant. 
Our experiment obtained the same value of L* and C* for each variety and for both 
harvesting times which shows that the samples harvested in spring and autumn had the same 
level of ripeness. Ruan et al. (2013a) observed that strawberries have different color 
parameters depending on their harvesting time, where generally lower values of all color 
parameters, L*, a* (red/green coordinates), and b* (yellow/blue coordinates), were found in 
June and July out of the seven-month growing period. These differences are due to internal 
and external factors such as vegetative growth, plant load, temperature, and solar irradiation. 
This theory can explain why the h° parameters for the variety 'Clery' harvested in autumn in 
this experiment was lower than those harvested in spring: the internal and external factors in 
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autumn might be a little more favorable to this variety and therefore the fruits harvested in 
autumn had better color than those harvested in spring.  
 
As mentioned earlier, the strawberry samples for this research were harvested in spring (in 
May) and in autumn (late September and early October). Ruan et al. (2013b) stated that 
changes in these internal and external factors exert significant effects on the fruit’s internal 
qualities. The mentioned significant differences include sugars, organic acids, and total 
soluble solids that generally reach maximum values in late June and early October. This 
explains why the SSC, total sugars content, and total organic acids differ between harvesting 
times. It was observed that the SSC, total sugars, and total organic acid content were higher 
in fruits harvested autumn, except for total organic acids in the variety ‘Asia’. This exception 
can be explained by Winiardiantika et al. (2015) who reported that the total organic acid 
concentration in strawberry varies during the year depending on the month and cultivar or 
selection used.  
 
The vitamin C content in this research ranged between 38.00 – 53.50 mg/100 g FW, which 
is similar to the finding by Tulipani et al. (2008), who mentioned that the vitamin C content 
of the 9 strawberry genotypes used in their research range between 23.00 – 47.00 mg/100 g 
FW. According to Ferreyra et al. (2007), there is no difference in ascorbic acid and 
dehydroascorbic acid contents between strawberry fruits harvested in summer and winter. 
Anyhow, our research showed two different trends, with the vitamin C concentration was 
the same between spring and autumn harvest in variety ‘Clery’, and was higher in spring 
harvest than in autumn harvest in variety ‘Asia’.  
 
This experiment found that the total flavonols and HCAs content of variety ‘Clery’ were 
higher in the autumn harvest compared to the spring harvest, and for the variety ‘Asia’, the 
flavones, flavanols, and anthocyanins content was higher in the spring harvest compared to 
the autumn harvest. A study by Winiardiantika et al. (2015) in Gangneung-Wonju National 
University, South Korea, found that the phenolic contents vary depending on the observation 
time and the variety, and the total anthocyanin content reaches its peak in February and 
decreases slowly in the subsequent months. This finding may explain the different trends of 
phenolics contents within each variety, which also show variation. It also explains why the 
anthocyanins level in variety ‘Asia’ was a lot higher in spring (3.2 times higher) compared 
to in autumn. Weber et al. (2018) added that early strawberry fruits, which are harvested in 
spring, have a higher level of anthocyanins. These compounds are responsible for the 
strawberry’s bright red hue color. Since visual attributes frequently play the more significant 
trait in the marketing of strawberry fruit (rather than the fruit composition itself), the 
presence of high anthocyanins is very beneficial. Nevertheless, different content of 
anthocyanin between harvesting times wasn’t always present, as the variety ‘Clery’ in this 
experiment had the same concentration of anthocyanin at both harvest times. This was also 
reported by Ferreyra et al. (2007). The final total phenolic content in the variety ‘Asia’ was 
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two times higher in spring harvest compared to the autumn harvest due to the differences in 
its flavones, flavanols, and anthocyanins content.  
5.3 FRUIT CHARACTERISTICS AND METABOLITES OF DIFFERENTLY 
PIGMENTED PARTS OF UNEVENLY RIPE STRAWBERRY 
 
This chapter merges the discussion in Chapter 4.3.1 (variety ‘Clery’) and Chapter 4.3.2 
(variety Asia’). The data discussed below are displayed in Table 2, Table 3, and Figure 10 
to Figure 13. 
 
An important quality attribute of strawberry fruit is its color. Some strawberry fruits are 
unable to develop a good color due to changes in many factors including maturity, variety 
or cultivar used, cultural practices, and environmental factors (Sistrunk and Morris, 1985). 
It was mentioned in chapter 4.1 that the strawberry’s uneven ripening makes the fruit seem 
less appealing compared to the evenly ripe fruits. This uneven ripening may be due to 
instabilities in the environment, especially temperature. 
 
The color parameter L* represents the 'lightness' of fruit while the color parameter C* 
represents its ‘chroma’ (brightness). Both varieties had the highest L* value in the white part 
while the lowest value was found in the dark part of the fruit. As for the color parameter C*, 
the highest value was measured in the dark part, but mostly the medium part of fruits was 
just as bright as the dark ones. These findings support previous research by Nunes et al. 
(2006) which was already discussed in Chapter 5.2. The lowest h° value was measured in 
the dark part of the fruit, which means that the dark part of the strawberry fruit had the 
reddest color. This finding is supported by Ferreyra et al. (2007), who stated that the hue 
angle decreases as the ripening progresses, representing red color development, and that 
maximum brightness is obtained when the fruit is 100% red. A similar result was also 
reported by Kim et al. (2013). 
 
The different colored parts of both varieties had different fruit firmness except for the variety 
‘Asia’ harvested in autumn (Table 3). Similar to the previous result, the white part had the 
highest firmness, while the medium part was as soft as the dark part or a little firmer than 
the dark part. Research by Kim et al. (2013) on five strawberry cultivars states that fruit 
firmness decreases as the fruit develops. However, Nunes et al. (2006) found that strawberry 
fruits that are 75% ripe are just as firm and/or as red as the fully ripe fruits. This result by 
Nunes et al. (2006) was also obtained in this research for variety ‘Clery’ harvested in spring 
and autumn, as well as variety ‘Asia’ harvested in spring. Even though close-to-ripe fruits 
appear as superior as fully ripe fruits, Sturm et al. (2003) stated that strawberry fruits are 
best harvested at their optimum ripeness because important changes in sugar content and 
organic acid happens in the last period of maturity. 
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Along with an increase in redness, a general increase in total SSC was also observed. 
However, this was not true for the spring harvest of variety 'Asia' (Table 3), which had the 
same total SSC in every part of the fruit, and the spring harvest of variety 'Clery', where the 
same total SSC was found in both the medium and dark part. Sturm et al. (2003) described 
SSC as the function of several factors of which total sugars and organic acids constitute the 
major part. The value of SSC should increase as the fruit ripens, as reported by Nunes et al. 
(2006) and Abeytilakarathna et al. (2013), even though it might decrease again when the 
fruit becomes overripe (Montero et al., 1996). The dark part of both strawberry varieties 
used in this research had an SSC content ranging between 7.48 - 11.15 °Brix. According to 
Mitcham (1996), strawberries should contain a minimum of 7% SSC while a 10% SSC will 
mark the excellency of the product (°Brix is equal to % Brix). Therefore, it can be stated that 
if the unevenly ripe fruits in this experiment were evenly ripened, the fruits could be labeled 
as high-quality based on their SSC.  
 
The total sugar followed the same trend as the SSC, except for the variety 'Asia' harvested 
in spring. The total sugar concentration increased as the fruit ripens, which was why the 
highest sugar concentration was found in the dark part of the fruit. Moing et al. (2001), 
Kafkas et al. (2007), and Kim et al. (2013) also obtained similar results. The individual 
sugars that construct the total sugar (from the most to the least) were fructose, glucose, and 
sucrose. This sugar composition is also obtained by Moing et al. (2001), Ferreyra et al. 
(2007), and Kim et al. (2013). 
 
A unique anomaly was obtained in the spring harvest of variety 'Asia', where the highest 
total sugar concentration was found in the white part and the lowest total sugar concentration 
was found in the medium part. As mentioned in chapter 4.1, only in this particular harvest 
the fruit’s bottom part failed to ripen, a condition known as 'green tips'. In all other harvests, 
it was always the top part of the fruit that failed to ripen. According to Xie et al. (2007), 
during the maturity stage, the basal part of the fruit is supposed to have more hexokinase and 
fructokinase enzyme activity, while the top of fruit has the lowest activity. This condition is 
believed to enhance photosynthate translocation from the basal part to the top part of the 
fruit, which leads to a higher accumulation of sugars in the top part of the fruit. Further, the 
higher activity of the hexose-metabolizing enzyme at the basal part of the fruit promotes the 
consumption of hexose which lowers the total sugar content in this area. In the presence of 
'green tips', these enzyme activities might be reduced or prohibited, thus normal 
physiological activities that usually happen might be disturbed. Unfortunately, not much 
information about either the fruit’s sugar transport and uneven ripening is currently 
available, so this assumption should be furtherly tested. 
 
Looking into the total organic acids of the samples, the statistical difference was only 
observed in the spring harvest of both varieties, where the highest total organic acid content 
was found in the white part. This is contrary to the research finding of Kim et al. (2013), 
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where the citric acid content of two strawberry cultivars increased as the fruit matures. 
Meanwhile, Moing et al. (2001) stated that the total organic acid in the strawberry fruit 
continues to increase starting at the petal fall stage until the fruit turns color, after which the 
total organic acid decreases until the fruit reaches maturity, which is a finding similar to this 
experiment. According to Sturm et al. (2003), the total organic acid in the fruit decreases 
during maturity, though this trend is not observed in certain varieties. Similarly, Kafkas et 
al. (2007) observed 11 varieties that did not follow this trend.  
 
The total organic acid in this experiment mainly consisted of citric acid and malic acid. The 
citric acid content was generally 3 - 4 times higher than malic acid content, as observed by 
Kim et al. (2013). Fumaric acid and shikimic acid were present in smaller quantities, 
approximately a thousand times less compared to the other two compounds. Since 
strawberries contain such small quantities of fumaric and shikimic acids, both organic acids 
do not significantly influence the fruit’s flavor (Sturm et al., 2003). 
 
The autumn harvest of both varieties showed significant differences in vitamin C content, 
where the highest concentration was found in the dark part. Nunes et al. (2006) and Kim et 
al. (2013) reported that the strawberry fruit contains high concentrations of ascorbic acid and 
that its concentration increases as the fruit ripens. They reported that the highest ascorbic 
acid concentration was around 90 mg and 60 mg/100 g FW respectively, though the amount 
varies depending on the cultivar. Another research by Kafkas et al. (2007) on 11 strawberry 
varieties also observes an increase in vitamin C content during ripening, with vitamin C 
concentrations ranging between 37 – 134 mg/ 100 g FW. Our experiment complies with 
these previous findings, where the average vitamin C content in the variety ‘Clery’ and 
variety ‘Asia’ were 52.25 and 42.00 mg/100 g FW respectively. Research by Ferreyra et al. 
(2007) mentioned that the vitamin C concentration is unaltered during the different maturity 
stages, with a steady concentration of around 130 mg/100 g FW when the fruits turn white 
until they are fully ripe. 
 
Differences in individual phenolic groups between the different parts of the fruit were more 
pronounced in the autumn harvest compared to the spring harvest. Only two phenolic groups 
of the spring harvest of the variety ‘Clery’ displayed statistical differences, while for the 
autumn harvest, six out of seven phenolic groups showed statistical differences. This trend 
also occurred in the variety 'Asia', where three phenolic groups of the spring harvest 
displayed statistical differences, while the autumn harvest displayed statistical differences in 
five out of six phenolic groups. It is worth noting that the anthocyanin content of both 
varieties shows statistical differences during both harvesting times, indicating that the 
anthocyanin is the phenolic group that was most affected by uneven ripening. 
 
Anthocyanin is known to be most affected by maturity (Nunes et al. 2006, Aaby et al. 2012, 
Ferreyra et al. 2007). Previous research indicated that anthocyanin could be detected in 
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strawberries as soon as the fruit turns white. The concentration remains low until 50% of the 
fruit turns red. Once the fruit has fully ripened, compared to when it was still white, the later 
anthocyanin concentration can be 100 times higher. However, our research found that the 
difference between the anthocyanin concentration at the white and dark part was not that 
significant. The highest concentration difference was found in the variety 'Asia' harvested in 
autumn, where the dark part contains 27 times higher anthocyanin than the white part. 
Similarly, Kim et al. (2013) found that that the anthocyanin content in strawberries is 16.7 - 
26.4 times greater at the red part compared to that on early fruit development stages. 
 
All phenolic groups in this experiment showed the same trend, namely that the highest 
concentration could be found in the dark part of the fruit. Various other research regarding 
phenolic content during strawberry ripening has been reported, for example, Aaby et al. 
(2012) reported that HCA compounds rise with maturity, EA derivatives decrease, and 
flavonol develops in an ambiguous pattern. Further, data obtained by Weber et al. (2015) 
indicates that the total EA remains the same during maturity, whereas flavonols, flavanols, 
anthocyanin, and HCA increase. 
 
In the end, both varieties had the same TAP content in all fruit parts when harvested in 
spring, while when harvested in autumn, the darker part had a higher concentration. Nunes 
et al. (2006) also reported that ripe strawberry fruits have higher phenolic content compared 
to those that are 75% ripe, and this is related to the accumulation of anthocyanin during 
ripening. However, analyses on the dark part of the fruit in our experiment indicate that 
anthocyanins contributed to only around 7% of the total TAP for both varieties. The 
composition of each phenolic group in each variety is displayed in Figure 10 to Figure 13. 
This difference in TAP was not always present, as seen in both varieties harvested in spring 
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This research is one of the first studies about the uneven ripening phenomena in strawberry 
fruits, especially in Slovenia. The uneven ripening disorder that occurred in spring and 
autumn harvests was expressed as ‘white shoulders’, ‘green tips’, or white patches on the 
fruits. All forms of uneven ripening reduced the fruit quality as it indicated that the fruit was 
inferior to the evenly ripe fruits. 
 
The first part of the experiment confirmed the hypothesis that strawberry fruit characteristics 
and metabolites differ between the evenly ripe fruits harvested in spring and autumn, though 
this was not true for every parameter. Harvesting time has no effect on fruit characteristics 
(color parameters and firmness) in both varieties, except for the h° (hue angle) in variety 
‘Clery’. The lower h° value in the autumn harvest indicated that it had a slightly deeper red 
color. Harvesting time affected the internal properties of the fruit, including SSC, vitamin C 
content (only in variety ‘Asia’), most individual and total sugars, most individual and total 
organic acids, some individual phenolic groups, and TAP (only in variety ‘Asia’).  
 
The autumn harvest of both varieties had higher SSC and total sugar content. The variety 
‘Clery’ harvested in autumn had higher total organic acids while the variety ‘Asia’ harvested 
in spring had higher total organic acids and vitamin C. Both varieties’ total sugar content 
was composed of mostly the same share of fructose and glucose, while sucrose comprised 
to only around 10% of the total sugar content. Total organic acid was composed of mostly 
citric and malic acids, with some traces of fumaric and shikimic acids. The individual 
phenolic group analysis showed several different trends: the autumn harvest of variety 'Clery' 
had higher concentrations of total flavonols and HCAs compared to the spring harvest, while 
the spring harvest of variety  ‘Asia’ had higher concentrations of flavones, flavanols, and 
anthocyanins comparted to the autumn harvest. The final TAP content of the variety ‘Asia’ 
was higher in the spring harvest compared to the autumn harvest. 
 
Further, most parameters analysed in the second part of this research confirmed the 
hypothesis that fruit characteristics and metabolites differ between the differently pigmented 
parts of the strawberry. Fruit characteristic analyses showed that the more pigmented the 
part of the fruit had lower value of L* and h° and higher C* (chroma). At times the medium 
part of the fruit was found to be as ripe-looking as the dark part, based on fruit characteristic 
observations. Further analyses showed that the darkest part of the fruit, in general, contained 
the highest level of SSC, sugars, vitamin C, phenolic contents, and TAP, and lower levels of 
organic acids. The spring harvest of variety ‘Asia’ presented as a unique exception as the 
highest sugar content was found in the white part; only this sample displayed uneven 
ripening at the bottom side of the fruit (‘green tips’). ‘Green tips’ that were present at the 
basal side of fruits may interrupt some enzymatic activities and disturb normal sugar 
transport. Nevertheless, this theory still needs further research. 
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This research gives rise to several recommendations for farmers, consumers, and 
researchers. Farmers should pay better attention to the susceptibility of each variety to 
uneven ripening, especially for the early and late varieties. This way farmers can prevent 
harvesting fruits with low-quality appearance when the selling price is higher, especially 
early in the season. Researchers can help farmers by studying the causes of uneven ripening 
in more detail, for example by determining the upper and lower temperature threshold for 
optimum harvest, as well as analyzing different cultivation methods (such as variety, 
nutrients, etc.) to prevent uneven ripening. Further research on enzyme activity in affected 
fruits can be conducted to understand the physiological changes in the fruit during ripening, 
which may help understand the same disorder in other commodities, such as tomato and 
grapes. Costumers should be encouraged to buy strawberry fruits in the early season to 
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7 SUMMARY (POVZETEK) 
7.1 SUMMARY 
Strawberry is an important fruit because it contains variety of nutrients and beneficial 
phytochemicals (Giampieri et al., 2012). Regardless of its composition, visual attributes are 
often more important in the marketing of strawberry (Weber et al., 2018). Uneven ripening 
disorder is defined as the uneven coloration in ripened fruits and is caused by exposure to 
high temperatures during ripening (Ouyang et al., 2012). Uneven ripening reduces the visual 
quality of the fruit and potentially reduces the customer’s desire to buy the affected 
commodity. 
 
Uneven ripening in strawberries mostly presents itself as ‘white shoulder’ at the top of the 
fruit and ‘green tip’ at the basal side of fruit (Strand, 2008). This disorder is also experienced 
by strawberry growers in Slovenia, especially during spring and autumn harvests. Since there 
is almost no literature available on this disorder, the purpose of this research was to study its 
effects on fruit characteristics and metabolites. 
 
This research comprised of two parts. The first was to examine the effects of harvesting 
times (spring and autumn) on evenly ripe strawberry fruits and the second was to study the 
differences between the differently pigmented parts (dark, medium, and white) of unevenly 
ripe strawberry fruits. The parameters studied in this experiment include fruit characteristic 
parameters (color, firmness, SSC) and metabolite contents (vitamin C, sugars, organic acids, 
and phenolic). This experiment was performed in 2017 in the laboratory of the Chair of fruit 
growing, viticulture, and vegetable growing in Biotechnical Faculty, University of 
Ljubljana. The spring samples were obtained from Gorenja vas and the autumn samples were 
obtained from Brdo pri Lukovici. The two strawberry varieties used were ‘Clery’ and ‘Asia’. 
 
The fruits were transported to the laboratory immediately after harvest and prepared right 
after arrival. The color, firmness, and SSC measurement (done in ten replications) was based 
on the protocol by Mikulič-Petkovšek et al. (2017). Vitamin C, sugars, organic acids, and 
phenolic extraction and analysis (done in four replications) were based on the protocol by 
Mikulič-Petkovšek et al. (2013 and 2017). Sugars, organic acids, vitamin C, and phenolic 
compounds were analyzed using HPLC and then further analyzed using the R-commander 
program with a t-test for two independent samples or ANOVA with a significance level of 
0.05. If the ANOVA displayed statistical differences, results were furtherly analyzed with 
the LSD test. 
 
Initial observation on the samples showed that the variety ‘Clery’ underwent uneven 
ripening in the form of ‘white shoulders’ both in the spring and autumn harvest. Some white 
patches were also present on some fruits. Meanwhile, the variety ‘Asia’ underwent uneven 
ripening in the form of ‘green tip’ when harvested in spring and ‘white shoulders’ when 
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harvested in autumn. Both types of uneven ripening made the fruits appear inferior compared 
to the evenly ripe fruits.  
 
The first part of the experiment showed that, for both harvesting times, the fruit color 
parameters L*, C*, and h° were almost the same, except for the spring harvest of variety 
‘Clery’ which had a slightly lower h° (representing a darker red color). According to Ruan 
et al. (2013a), this difference in the strawberry color parameter can be caused by differences 
in internal and external factors during harvesting. It is possible that autumn may be more 
favorable for this variety to develop a better fruit color, or that the growing location was 
more favorable. 
 
Furthermore, Ruan et al. (2013b) stated that the same factors also influence the internal 
qualities of a fruit, where its internal content reaches its peak in late July and early October. 
This explains why the SSC (in both varieties), total sugars (in both varieties), and total 
organic acid content (in var. ‘Clery’) were higher in the autumn harvest compared to the 
spring harvest. However, the total organic acid parameter of the variety ‘Asia’ showed 
different results, where higher concentration of organic acid was found in the spring harvests. 
Similarly, the spring harvest of this variety also had higher amounts of vitamin C. 
 
Seven phenolic groups, namely EAs, flavones, flavanols, flavanones, flavonols, HCAs, and 
anthocyanins, were found in the variety ‘Clery’ and and six phenolic groups (except HCAs) 
were found in variety ‘Asia’. However, flavanones were only found in the spring harvest of 
variety ‘Asia’. The concentration trend depended on the harvesting time; some showed 
higher concentration in spring (flavones, flavanols, and anthocyanins in variety ‘Asia’) and 
some in autumn (flavonols and HCAs in variety ‘Clery)’. A similar result was obtained by 
Winiardiantika et al. (2015) in South Korea, where the phenolic contents varied depending 
on the observation time and variety and the total anthocyanin was highest in the spring 
(February). Further, only the spring sample of the variety ‘Asia’ had a significantly higher 
TAP value. 
 
The second part of the experiment compared the differently pigmented parts of unevenly 
ripe fruits and found that most parameters differed significantly. Color parameters showed 
that the darkest part of fruit had the lowest L*, the highest C*, and the least h°, meaning that 
the darkest part was glossiest and reddest in color. Firmness measurement indicated that the 
white part of the fruit was the firmest and firmness decreases as the fruit becomes red. 
According to Ferreyra et al. (2007), the hue angle of the surface of the strawberry decreases 
as the fruit ripens (represented by the red color development) and that maximum brightness 
is obtained when the fruit is 100% red. Meanwhile, a study by Kim et al. (2013) on five 
strawberry cultivars found that fruit firmness decrease as the fruit develops. 
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There was an increase in total SSC as the fruit became more pigmented, except for the spring 
harvest of variety ‘Asia’. The value of SSC should increase as the fruit ripens (Nunes et al., 
2006; Kafkas et al., 2007; Abeytilakaranthna et al., 2013). Aside from the spring harvest of 
variety ‘Asia’, the total sugar concentration followed the same trend as the SSC. Total sugar 
content raises as the fruit ripens (Moing et.al., 2001; Kafkas et al., 2007; Kim et al., 2013). 
This research found that the highest sugar content was found in the dark part of the fruit. The 
individual sugar contents were fructose, glucose, and sucrose. A unique exception was 
obtained in the spring harvest of variety ‘Asia’, where the highest sugar concentration was 
found in the white part of the fruit. This was the only sample that presented uneven ripening 
in the form of ‘green tips’. Xie et al. (2007) stated that during maturity, the basal part of the 
strawberry fruit expresses higher enzymatic activity which relocates the sugars to the top 
part of the fruit, and at the same time consumes the sugar in the bottom part of the fruit so 
that it becomes less sweet. The uneven ripening probably disturbed the normal physiological 
process in this area, causing the white part to retain its sugar content. Further research is 
needed to confirm this theory. 
 
Both varieties showed a statistical difference in total organic acid content in fruits harvested 
in the spring, where higher a concentration organic acids were found in the white part. This 
result was also obtained by Moing et al. (2001). The strawberry’s organic acids consisted 
mostly of citric and malic acid, with some traces of shikimic and fumaric acid. Meanwhile, 
the vitamin C content differed significantly only in the autumn harvest of both varieties, 
where the highest concentration was found in the dark part. This result was also obtained by 
Nunes et al. (2006) and Kim et al. (2013). 
 
The unevenly ripe fruits of variety ‘Clery’ contained the same seven groups of phenolics 
found in the evenly ripe fruit in the first part of the experiment. In the variety ‘Asia’, HCAs 
weren’t found in the unevenly ripe fruits while flavanones were present only in the spring 
harvest. The differences in individual phenolic group content among the different parts of 
the fruit were more present in the autumn harvest, while the anthocyanin difference was 
always present. Anthocyanin is most affected by maturity (Nunes et al., 2006; Aaby et al., 
2012), and its content in ripe fruits can be a lot higher than in the white fruits (Ferreyra et 
al., 2007). This research showed that the anthocyanin content was up to 27 times higher in 
the white dark compared to the white part. The other phenolic groups followed the same 
trend, where the dark part of the fruit had the highest concentration of phenolic compounds. 
In the end, for both varieties, the different parts of the fruit had the same TAP content in the 
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Zaradi vsebnosti različnih koristnih snovi so jagode pomembno sadje v prehrani ljudi 
(Giampieri in sod., 2012). Plodovi žlahtnega jagodnjaka (jagode) vsebujejo vitamin C in 
različne polifenole (antocianini in fenolne kisline), ki so pomembni zaradi njihovega 
antioksidativnega delovanja. Zaradi omenjenih spojin jagode prištevamo k zdravi hrani 
(Moreno in sod., 2014). 
 
Običajno je za potrošnike izgled plodov pomembnejši kot vsebnost metabolitov v plodovih 
(Weber in sod., 2018). Zato je motnja neenakomernega zorenja, ki se pojavlja zaradi visokih 
temperatur v času zorenja in povzroča neenakomerno obarvanje plodov (Ouyang in sod., 
2012) bistvena tržna pomanjkljivost, saj poslabša izgled plodov in s tem potencialno zmanjša 
zanimanje kupcev za nakup. 
 
Neenakomerno zorenje jagod se najpogosteje kaže v obliki belega dela plodu pri čaši t.j. na 
vrhu ploda in nedozorele zelene konice na dnu ploda. V Sloveniji, posebno spomladi in 
jeseni, pridelovalci jagod opažajo omenjeno motnjo, ki pa v literaturi skoraj ni omenjena.  
Da bi ugotovili vpliv motnje na parametre kakovosti plodov in vsebnosti metabolitov v 
plodovih, smo poskus zastavili na dveh sortah žlahtnega jagodnjaka - 'Clery' in 'Asia'. 
 
Namen in hipoteza poskusa 
 
Poskus smo razdelili na dva dela. V prvem delu smo ugotavljali vpliv termina obiranja na 
parametre kakovosti enakomerno zrelih plodov in vsebnost metabolitov v njih. V drugem 
delu pa smo ugotavljali razlike v vsebnosti primarnih in sekundarnih metabolitov med 
različno obarvanimi deli neenakomerno zrelih plodov. 
Naša hipoteza je bila, da bodo nastopile razlike v določenih značilnostih enakomerno 
dozorelih plodov (suha topna snov, trdota, barvni parametri) kot tudi v vsebnosti metabolitov 
med različnima terminoma obiranja (pomlad, jesen). Domnevali smo tudi, da bodo značilne 
razlike v določenih lastnostih plodov (barva, trdota, SS) in vsebnostih primarnih in 
sekundarnih metabolitov med različno obarvanimi deli plodov neenakomerno zrelih jagod. 
PREGLED LITERATURE 
Zorenje plodov žlahtnega jagodnjaka 
Zorenje določa vrsta fizioloških sprememb v plodovih. Nekatere izmed teh sprememb so 
običajno sprememba barve (kot posledica degradacije obstoječih pigmentov in sinteza 
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novih, intenzivnejših pigmentov), sprememba teksture (kot posledica mehčanja tkiva) in 
sinteza značilnih spojin, ki imajo izrazit vpliv na okus in aromov plodov (Schwab in Raab, 
2004). 
Nekateri fiziološki in okoljski dejavniki lahko občasno spremenijo enakomerno zorenje in 
obarvanje plodov. Najpogostejše nepravilnosti pri obarvanju plodov jagod so beli ali zeleni 
deli plodov ali njihovo porjavenje. Te motnje se najpogosteje pojavljajo v zgodnjem 
spomladanskem času (Strand, 2008). 
Najpogosteje se neenakomerno zorenje jagod odraža na način, da se barva ne razvije na 
konicah plodov (“green tip”) ali na vrhu, pri čaši (“white shoulder”). Kot že ime motnje 
nakazuje, je njena značilnost ta, da del ploda ne dozoreva sočasno s preostankom ploda. Del 
tkiva na konici običajno ostane zelen, medtem ko tkivo pri čaši spremeni barvo do bele ali  
bledikavo rdeče. Motnja vpliva le na barvo, saj so plodovi sicer razviti normalno, normalen 
je tudi okus drugače obarvanega tkiva. Motnjo se povezuje z neenakomernimi 
temperaturami v času zorenja (Strand, 2008). Domneva se, da visoke temperature v času 
zorenja plodov vplivajo na encime, ki so odgovorni za enakomerno obarvanje zorečih 
plodov. Opaža se, da so nekatere sorte bolj dovzetne za motnjo od drugih. Plodovi, ki so bili 
izpostavljeni visokim temperaturam že v zgodnejši fazi razvoja, so običajno manj prizadeti 
od tistih, ki doživijo temperaturni šok kasneje (Ontario CropIPM, 2009). 
Lastnosti plodov in kakovost jagod 
Znane lastnosti plodov žlahtnega jagodnjaka so sladkost, sočnost, privlačna barva in okus 
ter estetska vrednost. Notranjo kakovost plodov določajo vsebnosti različnih kemičnih 
spojin, najpomembnejše po vsebnosti so sladkorji in kisline. Za dober okus je potrebno 
visoko razmerje med vsebnostjo sladkorjev in kislin. Kisle jagode imajo visoko vsebnost 
kislin in nizko vsebnost sladkorjev (Sood in Brandal, 2019). 
Privlačnost sadja je za potrošnika običajno najpomembnejša lastnost za prvi nakup (poleg 
cene) medtem, ko je za vse nadaljnje nakupe pomembna tudi notranja kakovost. Kakovostne 
jagode morajo biti svetleče rdeče, plodovi morajo biti izenačeni v obliki in velikosti ter brez 
napak (Mitcham in sod., 1996). Najvišje ocene okusnosti, sočnosti, suhe topne snovi in 
vsebnosti vitamina C so značilne za polno zrele jagode (Munbodh in Aumjaud, 2004), zato 
je zelo pomembno, da se jagode obira, ko so optimalno zrele (Sturm in sod., 2003). Kim in 
sod. (2013) poročajo, da so ob optimalni zrelosti vse sorte žlahtnega jagodnjaka dosegle 
najvišjo stopnjo obarvanosti in da se je trdota plodov značilno zmanjšala (tudi do 11 krat 
nižja) v primerjavi z zelenimi plodovi. 
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Primarni in sekundarni metaboliti plodov žlahtnega jagodnjaka 
Rastline proizvajajo veliko število različnih organskih spojin, ki jih imenujemo sekundarni 
metaboliti. Ti nimajo neposrednega vpliva na rast in razvoj, v rastlinah imajo drugo 
pomembno ekološko vlogo, to je, da rastlinam omogočajo preživetje v okolju z 
izboljševanjem njihove tekmovalne sposobnosti. Za razliko od primarnih metabolitov, ki jih 
proizvajajo vse rastline, so sekundarni metaboliti vrstno specifični, ali pa skupni določeni 
sorodni skupini rastlin (Taiz in Zieger, 2010) 
Rastlinske sekundarne metabolite delimo na tri, kemično ločene skupine. To so terpeni, 
fenolne spojine ter spojine, ki vsebujejo dušik ali žveplo (Pagare in sod., 2015). Moreno in 
sod. (2014) poročajo, da so za sadje in zelenjavo značilne določene fenolne skupine 
sekundarnih metabolitov. Fenolne skupine se delijo na neflavanoidne spojine (lignani, 
fenolne kisline (hidroksicimetne in hidroksibenzojske kisline) in stilbene) ter flavonoide 
(flavoni, flavanoli, flavonoli, flavanoni, antocianini, proantocianidini in izoflavoni).  
Giampieri in sod. (2012) poročajo, da 100 g plodov žlahtnega jagodnjaka vsebuje 90,95 g 
vode, 4,89 g sladkorjev (fruktozo, glukozo in saharozo), 2 g vlaknin, 0,67 g beljakovin, 0,4 
g mineralov in 0,3 g maščob. Jagode so tudi pomemben vir vitamina C s povprečno 
vsebnostjo okoli 58,8 mg/100 g plodov. Poleg omenjenega so jagode tudi vir mnogih drugih 
vitaminov, a v manjših količinah (tiamin, riboflavin, niacin, vitamin B6, Vitamin K, vitamin 
A in vitamin E ) ter mineralov (mangan, kalij, jod, magnezij, baker, železo in fosfor). Poleg 
hranljivih spojin, jagode vsebujejo tudi številne nehranljive spojine kot so polifenoli 
(flavonoidi, fenolne kisline, lignani in tanini), antocianini (150-600 mg/kg plodov) in 
elagitanini (21,7-83,2 mg/kg plodov). Moreno in sod. (2014) poročajo, da so flavonoidi 
najmočneje zastopane fenolna spojine v jagodah, od katerih antocianini predstavljajo kar 
40% vsebnosti. Husaini in Zaki (2016) poročata, da so fenolne spojine v jagodah najbolje 
poznane zaradi njihovih antioksidativnih in protivnetnih lastnosti ter njihovega 
neposrednega ali posrednega antimikrobnega ter antialergenega delovanja. 
 
MATERIALI IN METODE 
Materiali 
Poskus smo izvedli leta 2017 v laboratoriju katedre za sadjarstvo, vinogradništvo in 
vrtnarstvo na Biotehniški fakulteti, Univerze v ljubljani. Od pridelovalca iz Gorenje Vasi 
smo dobili vzorce pomladanskih in jesenskih jagod. Iz poskusnega nasada Kmetijskega 
Inštituta Slovenije z Brda pri Lukovici pa smo dobili vzorce le jesenskih jagod. V poskusu 
smo uporabili dve različni sorti jagod, ‘Clery’ in ‘Asia’. Od vsake sorte smo vzeli dva 
podvzorca glede na zrelost plodov (enakomerno zreli plodovi in neenakomerno zreli 
plodovi). Datumi obiranja v pomladanskem času so bili 10. maj 2017 (‘Clery’) in 24. maj 
2017 (‘Asia’). V jesenskem času pa 27. september 2017 (‘Clery’) in 6. oktober 2017 (‘Asia’). 
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Sorta ‘Clery’ je zelo zgodnja sorta, ki je patentirana in v lasti Consorzio Italiano Vivaisti 
(CIV). Sorta za normalen razvoj potrebuje razmeroma veliko vsoto nizkih temperatur in je 
zato primerna za pridelavo na celinskem delu Evrope. Odlikuje jo odlična kombinacija 
rodnosti, tržnih lastnosti ter organoleptičnih lastnosti. Plodovi so razmeroma dolgi, koničaste 
oblike, ki je za to sorto značilna, odlikuje jih tudi čudovita svetlo rdeča barva. Plodovi so 
veliki in izenačeni, z odličnimi organoleptičnimi lastnostmi in odlično aromo (CIV, 2020). 
Sorta ‘Asia’ je last podjetja New Fruit s.a.s. iz Italije in je na trgu že od leta 2005. Sorta je 
navedena kot srednje zgodnja. Odlikujejo jo zelo lepi in zelo veliki plodovi dobrega okusa 
in arome ter visoka rodnost (New Fruits, 2020). Povprečna teža ploda je 28 g. Plod je 
podolgovate koničaste oblike in dobro prenaša transport. Barva plodov je svetlo rdeča z 
rdečim mesom (Geoplant, 2015). 
Metode 
Kot je že omenjeno v uvodu, so predmet prvega dela raziskave analize enakomerno 
dozorelih plodov, medtem ko so v drugem delu raziskave predmet analiz neenakomerno zreli 
plodovi. Kljub delitvi raziskave na dva dela, so bile vse laboratorijske ekstrakcije in meritve 
opravljene istočasno. Preučevane so bile lastnosti plodov (barva, trdota in suha topna snov) 
in vsebnosti metabolitov (vitamin C, skupni sladkorji, organske kisline in fenolne spojine). 
 
Vzorci jagod so bili takoj po obiranju prinešeni v laboratorij, kjer smo jih takoj analizirali. 
Meritve barve, trdote in suhe topne snovi so bile opravljene v skladu s protokolom Mikulič-
Petkovšek in sod. (2017) in so bile narejene v desetih ponovitvah na obravnavanje. 
Parametre barve smo izmerili s prenosnim kolorimetrom (Konica Minolta, CR-10), to je L* 
(svetlost), C* (kroma) in h° (ton barve). Colurphil (2020) razloži vrednosti L* od 0, pri kateri 
ni nobene svetlosti (absolutno črna) do 100, pri kateri je maksimalna svetlost (absolutna 
bela). C* vrednosti so v razponu od 0, ki določa popolnoma nenasičeno barvo do 100, ki 
izkazuje barvno čistost. Barvni ton (H°) je izražen v stopinjah, 0° pomeni rdečo barvo, 90° 
rumeno, 180° zeleno in 270° modro. 
 
Trdoto plodov smo merili s penetrometrom s sondo 2.5 mm. Rezultati so izraženi v newtnih 
(N). Za merjenje barvnih parametrov in trdote, smo za vsak enakomerno zrel plod opravili 
po eno meritev v sredini plodu. Na neenakomerno zrelih plodovih, pa smo za vsak plod 
opravili tri meritve. Eno na temno obarvanem delu, eno na srednje obarvanem delu in eno 
na neobarvanem delu plodu. 
Po opravljenih meritvah barve in trdote smo pripravili ekstrakte plodov v štirih ponovitvah. 
10 neenakomerno zrelih plodov se je naključno razdelilo v štiri ponovitve, nato se je različno 
obarvane dele (temno, srednje in belo) ločilo. Na enak način smo pripravili tudi ekstrakte 
enakomerno zrelih plodov. Nato smo vsak vzorec posebej sesekljali in pripravili pire. Suho 
topno snov (SS) smo izmerili z uporabo prenosnega refraktometra tako, da smo na lečo 
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refraktometra večkrat kanili kapljico jagodnega soka za vsako obravnavanje posebej. 
Rezultati SS so izraženi v °Brix. 
Ekstrakcije in analize skupnih sladkorjev, organskih kislin, vitamina C in fenolnih spojin z 
uporabo HPLC so bile narejene po protokolu Mikulič-Petkovšek in sodelavci (2013 in 2017) 
v štirih ponovitvah. Meritve skupnih sladkorjev in organskih kislin so bile narejene istočasno 
za vsak vzorec. Metoda po kateri smo pripravili in obdelali vsak vzorec je sledeča. Najprej 
smo zmešali 4 g sadnega pireja s 15 ml bidestilirane vode v centrifugirki. Za ekstrakcijo smo 
vzorec stresali s stresalnikom 30 minut pri sobni temperaturi. Po ekstrakciji, smo vzorec pri 
4 °C centrifugirali 7 min na 10.000 obratih. Supernatant smo ločili od usedline, nadalje smo 
supernatant filtirali skozi 0.2 µm celulozni estrski filter v vialo. V viali je bil vzorec 
pripravljen za nadaljno analizo s HPLC. Metoda za ekstrakcijo vitamin C je bila podobna 
tisti za ekstrakcijo sladkorjev in organskih kislin. Razlika je bila le v razmerju mešanice 
pireja. Mešanico smo pripravili iz 3.5 g sadnega pireja ter 7 ml 2% metafosforne kisline. Za 
meritve teh treh metabolitov je bila priprava ekstraktov in HPLC analiza opravljena ločeno 
za spomladanske in jesenske vzorce. 
 
Za ekstrakcijo fenolnih spojin smo uporabili sledečo metodo. 4 g sadnega pireja smo zmešali 
v epruveti z 10 ml 3% mravljinčne kisline raztopljene v metanolu. Takoj po pripravi vzorca 
smo ga shranili na ledu, da smo preprečili oksidacijo. Zatem smo vzorce za 1 uro prenesli v 
hladno ultrazvočno kopel, kjer je potekla ekstrakcija. Po ekstrakciji v ultrazvočni kopeli, 
smo vzorce centrifugirali pri 10.000 obratih in 4°C. Usedlino smo ločili od supernatanta. 
Supernatant smo filtrirali skozi 0.2 µm poliamidni filter v vialo. Tako so bili vzorci 
pripravljeni za nadaljnjo analizo s HPLC. Metodo smo z manjšimi spremembami povzeli po 
Mikulič-Petkovšek in sod. (2013). Ekstrakcijo fenolnih spojin smo opravili ločeno za 
spomladanske in jesenske vzorce, analiza na HPLC pa je bila opravljena istočasno, to je  
jeseni, ko smo pripravili jesenske vzorce. Da bi ohranili kakovost vzorcev, smo 
spomladanske vzorce do analize hranili na -20 °C. 
Pridobljene podatke smo analizirali z uporabo programa R-commander s t-testom za dva 
neodvisna vzorca ali s testom ANOVA s stopnjo značilnosti 0,05. Kadar je test ANOVA 
pokazal statistične razlike, smo rezultate še nadaljnje analizirali z testom LSD, s stopnjo 
značilnosti 0,05. 
 
REZULTATI IN RAZPRAVA 
Neenakomerno zorenje jagod sorte ‘Clery’ se je odrazilo z belim delom plodu pri čaši, tako 
pri spomladanskem kot pri jesenskem pridelku. Na nekaterih plodovih smo opazili bele lise 
tudi na drugih mestih na plodovih. Pri sorti ‘Asia’ pa se je v pomladanskih vzorcih 
neenakomerno zorenje kazalo kot zelena konica na spodnjem delu ploda, medtem ko se je 
na jesenskih vzorcih kazalo v obliki belega dela ploda pri čaši. Oba tipa neenakomernega 
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zorenja pa sta povzročila, da so bili neprimerno obarvani plodovi slabše kakovosti od 
enakomerno zrelih plodov.  
 
V prvem delu, kjer smo primerjali različen termin obiranja, smo ugotovili, da so parametri 
barve plodov L*, C* in h° skoraj popolnoma enaki, razen pri sorti ‘Clery’, ki je imela 
nekoliko manjšo vrednost h° (temnejša rdeča) v pomladanskem času. Teorija, ki jo razlaga 
Ruan in sod. (2013a) pravi, da notranji in okoljski dejavniki povzročajo razlike barvnih 
parametrov glede na čas obiranj, kar bi razložilo izjemo, ki smo jo ugotovili pri sorti ‘Clery’. 
V tem poskusu, so bile v jesenskem času razmere ugodnejše za razvoj barve pri tej sorti. 
Druga spremenljivka, ki je lahko vplivala na to razliko, pa je lahko tudi razlika v lokaciji 
pridelave in s tem povezanimi specifičnimi okoljskimi dejavniki. 
 
Ruan in sod. (2013b) poročajo, da so enaki dejavniki, ki so vplivali na barvo plodov 
spremenili tudi notranjo kakovost plodov in da so bile najvišje vsebnosti ugotovljene na 
plodovih, obranih konec julija in v začetku oktobra. Ta ugotovitev razloži, zakaj so bili suha 
snov (v obeh sortah), skupni sladkorji (v obeh sortah) in skupne kisline (samo ‘Clery’) večje 
jeseni kot spomladi. Pri sorti ‘Asia’ je bila vsebnost skupnih kislin večja spomladi kot jeseni, 
prav tako je bila pri tej sorti večja tudi vsebnost vitamina C spomladi kot jeseni. 
 
V plodovih obeh sort smo analizirali sedem fenolnih skupin: derivate elagne kisline (EA), 
flavone, flavanole, flavanone, flavonole, hidroksicimetne kisline (HCA) in antocianine. 
HCA smo odkrili le v spomladanskih vzorcih sorte ‘Asia’, medtem ko so bile ostale spojine 
prisotne v obeh terminih obiranja. Vsebnost spojin je variirala med terminoma obiranja, 
različni so bili tudi trendi. Nekaterih spojin je bilo več v pomladanskem času (flavoni, 
flavanoli in antocianini v sorti ‘Asia’), drugih pa v jesenskem času (flavonoli in HCA v sorti 
‘Clery’). Podobne rezultate so že poročali Winiardiantika in sodelavci (2015) iz Južne 
Koreje, ki so ugotovili, da je vsebnost fenolnih spojin variirala med različnim terminom 
obiranja in med različnimi sortami. Skupna vsebnost antocianinov pa je bila najvišja v 
spomladanskem času (februar). Sorta ‘Asia’ je imela višje vsebnosti skupnih analiziranih 
fenolov v spomladanskih plodovih. 
 
V drugem delu, kjer smo primerjali različno obarvane dele plodov, smo ugotovili, da imajo 
različni deli plodov različne lastnosti plodov (trdota, barva, SS) in vsebnosti metabolitov. 
Meritve barve so pokazale, da imajo najtemneje obarvani deli najmajšo vrednost L* in 
največjo vrednost C* ter najmanjšo vrednost h°. To pomeni, da so najtemenjši deli bili 
najbolj obarvani (rdeče) in so hkrati imeli najvišji sijaj. Meritve trdote so pokazale, da imajo 
beli deli plodov največjo trdoto, ki se zmanjšuje z rdečim obarvanjem ploda. Ferreyra in sod. 
(2007) so ugotovili, da se barvni ton (°h) plodov žlahtnega jagodnjaka zmanjšuje z zorenjem, 
kar predstavlja razvoj rdeče barve in da se največji sijaj razvije, ko so plodovi 100% rdeči. 
Kim in sod. (2013) poročajo, da se trdota plodov manjša z zorenjem pri 5 različnih sortah 
jagod. 
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Vsebnost SS se tudi veča z obarvanostjo plodov, razen pri spomladanskem vzorcu sorte 
‘Asia’. Pri sorti ‘Clery’ smo ugotovili, da ima srednje obarvan del plodov enako vsebnost 
SS, kot temno obarvani del. Kot poročajo Nunes in sod. (2006), Kafkas in sod. (2007) ter 
Abeytilakaranthna in sod (2013), naj bi se vsebnost SS večala z zorenjem. Trend vsebnosti 
skupnih sladkorjev je enak kot trend SS, z izjemo spomladanskega vzorca sorte ‘Asia’. 
Vsebnost skupnih sladkorjev narašča z zorenjem, kot so poročali tudi Moing in sod. (2001), 
Kafkas in sod. (2007) ter Kim in sod. (2013). To dokazuje največja izmerjena vsebnost 
sladkorjev v temno obarvanih delih plodov. Skupne sladkorje sestavljajo fruktoza, glukoza 
in saharoza. Izjema pri vsebnosti sladkorjev je bil pomladanski vzorec sorte ‘Asia’, ki je imel 
največjo vsebnost skupnih sladkorjev v belih delih plodov. V naših opazovanjih smo 
ugotovili, da se je le pri sorti ‘Asia’ razvilo neenakomerno zorenje v obliki zelene konice 
ploda. Xie in sod. (2007) poročajo, da ima plod pri doseženi polni zrelosti višjo encimsko 
aktivnost v bazalnem delu, kar naj bi povzročilo translokacijo sladkorjev nazaj v vrhnji del 
ploda. Istočasno naj bi se ob tem del sladkorjev porabil, zaradi česar ima spodnji del plodu 
manjšo vsebnost sladkorjev. Neenakomerno zorenje naj bi zmotilo normalne fiziološke 
procese v tem delu plodu, zaradi česar beli deli ploda zadržijo več sladkorjev. Za potrditev 
te teorije bi bile potrebne nadaljnje raziskave. 
 
Skupna vsebnost kislin je bila statistično različna med sortama v spomladanskem času. Obe 
sorti sta imeli višjo vsebnost kislin v belem delu, kar so v raziskavi ugotovili tudi Moind in 
sod. (2001). Glavni kislini sta bili citronska in jabolčna, v sledovih pa sta bili prisotni še 
šikimska in fumarna kislina. Vsebnost vitamin C je bila med sortama različna v jesenskih 
vzorcih. Temno obarvani deli plodov žlahtnega jagodnjaka so imeli največjo vsebnost, 
podobno so v raziskavi ugotovili tudi Nunes in sod. (2006) ter Kim in sod. (2013). 
 
Sedem skupin fenolnih spojin, kot  smo jih našli v prvem delu raziskave, smo našli tudi v 
neenakomerno zrelih plodovih sorte ‘Clery’. Pri sorti ‘Asia’, HCA niso bile prisotne, 
flavanoni so bili prisotni le v pomladanskem vzorcu. Razlike v vsebnosti posameznih 
fenolnih spojin med različnimi deli plodov so bile večje v jesenskem času kot v 
pomladanskem. Razlike v vsebnosti antocianinov med tremi obravnavanji (beli del, rdeči del 
in srednje obarvan dela ploda) pa so bile vedno značilne. Vsebnost antocianinov je predvsem 
odvisna od zrelosti plodov (Nunes in sod., 2006, Aaby in sod., 2012), zato je njihova 
vsebnost v zrelih plodovih lahko nekajkrat večja od tiste v belih plodovih (Ferreyra in sod., 
2007). V omenjenem poskusu je bila razlika v vsebnosti med zrelimi in belimi plodovi 27 
kratna. Trend je bil podoben pri ostalih fenolnih spojinah, temno obarvani deli plodov so 
vsebovali največje koncentracije fenolnih spojin. Vsebnost skupnih analiziranih fenolov 
(TAP) je bila enaka med različnimi deli plodov v spomladanskem času, pri plodovih iz 
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SKLEPI IN PRIPOROČILA 
 
Doslej je bilo raziskav o pojavu neenakomernega zorenja žlahtnega jagodnjaka malo in ta 
raziskava je ena prvih tovrstnih raziskav v Sloveniji. Motnja neenakomernega zorenja 
plodov se je pojavila tako spomladi kot jeseni. Značilna znamenja so beli deli plodov pri 
čaši, zelene konice ali bele lise po plodovih. Vse omenjene oblike zmanjšajo kakovost 
plodov z zmanjšanjem privlačnosti izgleda v primerjavi z enakomerno zrelimi plodovi. 
 
V prvem delu poskusa so rezultati potrdili naši hipotezi, da se lastnosti plodov (barva, trdota, 
SS) in vsebnosti metabolitov v plodovih razlikujejo glede na termin obiranja (pomlad in 
jesen), vendar ne za vse opazovane lastnosti. Čas obiranja ni vplival na barvo in trdoto obeh 
sort, le pri  sorti ‘Clery’je bila vrednost za barvni ton (h°) manjša v jesenskem času, kar kaže, 
da so bili plodovi obrani v jeseni nekoliko bolj temno obarvani. Čas obiranja ni vplival na 
notranje lastnosti plodov vključujoč SS, vsebnost vitamina C (samo za sorto ‘Asia’),  večino 
posameznih in skupnih sladkorjev, večino posameznih in skupnih organskih kislin ter 
nekatere posamezne fenolne skupine in TAP (samo za sorto ‘Asia’). 
 
Hipoteza drugega dela raziskave je bila, da se lastnosti plodov (trdota, barva, SS) in 
vsebnosti metabolitov razlikujejo med različno obarvanimi deli plodov. Za večino 
opazovanih parametrov je bila hipoteza potrjena. Analiza lastnosti plodov je pokazala, da so 
imeli bolj obarvani deli plodov manjšo trdoto, vrednost L* in h° ter večjo kromo (C*). V 
nekaj primerih, so imeli srednji deli plodov enake lastnosti kot popolnoma zreli deli plodov. 
Nadaljnja analiza temnejših delov plodov je pokazala, da le-ti vsebujejo največje vrednosti 
SS, sladkorje, vitamin C, fenolne spojine in TAP in da imajo manjšo vsebnost kislin. Izjema 
so bili spomladanski vzorci sorte ‘Asia’, kjer smo največjo vsebnost sladkorjev našli v belem 
delu plodov. Samo v tem vzorcu se je neenakomerno zorenje manifestiralo v obliki “zelene 
konice”. Ta primer nakazuje, da prisotnost zelene konice moti aktivnosti nekaterih encimov 
in prekine normalen transport sladkorjev, zaradi česar je zgornji del plodov vseboval večjo 
vsebnost sladkorjev. Ta teorije je še nepreverjena in za potrditev potrebuje nadaljnje 
raziskave. 
 
Na podlagi ugotovitev iz raziskave, lahko pridelovalcem, potrošnikom in raziskovalcem 
podamo nekaj priporočil. Pridelovalci naj bodo bolj pozorni na dovzetnost posamezne sorte 
za neenakomerno zorenje, zlasti pri zgodnjih in poznih sortah. Na ta način se lahko izognejo 
obiranju neprimerno dozorelih plodov, ko je cena na tržišču visoka, posebno na začetku 
sezone. Raziskovalci lahko pridelovalcem pomagajo z nadaljnimi raziskavami o tem, kaj 
povzroča neenakomerno zorenje, na primer z določanjem mejnih temperatur za pridelavo 
jagod. Potrebno bi bilo raziskati tudi različne načine pridelovanja, s katerimi bi preprečili 
pojav motnje neenakomernega obarvanja (izbira sorte, hranil, režim namakanja, ipd.). 
Nadalje bi lahko raziskali encimsko aktivnost prizadetih plodov, da bi bolje razumeli, kaj se 
dogaja s fiziologijo prizadetih plodov, kar bi lahko privedlo do razumevanja podobnih težav 
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drugih vrst, kot sta na primer paradižnik in grozdje. Potrošnike pa bi lahko izobrazili, da 
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